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ADVANCED CONCEPTUAL DESIGN REPORT FOR
PROJECT W-521, WASTE FEED DELIVERY SYSTEMS

1.0 INTRODUCTION

In 1998, the U.S. Department of Energy (DOE) established the River Protection Project
(RPP) to retrieve, immobilize, store, and dispose Hanford Site tank wastes. The mission of the
Waste Feed Delivery (WFD} Program is a subset of the RPP mission. The WFD Program will
reliably deliver the required quantities of tank waste feed to the treatment and immobilization
facilities on schedule, within specifications, and in conformance with regulatory, safety, and
contractual requirements. The WFD Program has primary responsibility for designing and
constructing the facilities that are necessary for waste preparation, waste retrieval, and transfer of
low-activity waste (LAW) and high-level waste (HLW) feed to the Waste Treatment Facility
(WTF) waste treatment and immobilization facilities. The WFD Program consists of a number
of recently completed, ongoing, and planned capital projects that will modify and upgrade the
200 Area Tank Farms and facilities.

Phase 1 WFD, as defined in HNF-SD-WM-SP-012, Revision 1, Tank Waste Remediation
System Operation and Utilization Plan (Kirkbride et al. 1999), will support the RPP mission by:
1) staging LAW feed, 2) staging HLW feed, 3) supplying this staged feed material to the WTF,
4) receiving various final and intermediate waste products from the WTF, and 5) receiving
miscellaneous waste streams. Phase 1 WFD will also make double-shell tank (DST) space
available for single-shell tank (SST) waste retrieval. A number of recently completed, ongoing,
and planned capital projects will modify and upgrade the 200 Area Tank Farms to accomplish
the WFD Phase 1 mission. These capital projects include Project W-211, “Initial Tank Retrieval
Systems”; Project W-314, “Tank Farm Restoration and Safe Operations”; and Project W-519,
“Tank Waste Remediation System Privatization Phase 1.” The focus of this report is to refine the
cost estimate associated with capital Project W-521 through a series of technical tasks.

The mission of Project W-521 is to upgrade existing systems or provide additional
systems and equipment necessary to complete Phase 1 WFD for tanks 241-AW-101, 241-AW-
103, 241-AW-104, 241-AY-101, 241-AY-102, 241-SY-101, 241-SY-102, and 241-SY-103.
Project W-521 is a subproject of Line Item 94-D-407.

RPP-6333, Revision 0, Project W-521 Waste Feed Delivery System Conceptual Design
Report (CHG 2000a), was completed in July 2000, which provided detailed drawings and
specifications for accomplishing the scope of Project W-521 as defined in HNF-4408,
Revision 1, Project Definition Criteria for Project W-521, (CHG 2000b).
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Within the CDR, a project estimate for the various sub-activities was provided. This
estimate serves as the formal cost baseline for the project, and is what all cost
reductions/additions identified in this report will be compared against.

The current CDR estimate for the Total Estimated Cost (TEC) for project management,
engineering, long-lead procurement, and construction (including site allocations, escalation, and
contingency) is $327,990,000. Expense funded support costs (including escalation and
contingency) are $44,320,000. The Total Project Cost (TPC) (including site allocations,
escalation, and contingency) is $372,300,000.

A review of Project W-521s Conceptual design was performed. The results of this
review were captured in RPP-7196, Design Review Report for the Project W-521 Conceptual
Design. There are several open items in this report that were to be addressed in the ACDR.
A review was to be performed prior to issuing the ACDR to assure all of the open items
that were to be addressed in the ACDR were actually fully addressed. However, W-521 is
being delayed for several years. To facilitate the restart effort, the ACRD is being issued
without this review. Prior to any part of this ACDR being used, a review of the most
current revision of RPP-7196 is required to assure all open items for that part have been
properly addressed.
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2.0 PURPOSE OF ADVANCED CONCEPTUAL DESIGN

During preparation of the CDR, technical and programmatic requirements associated
with the WFD Program were rapidly evolving. This resulted in a number of areas where risks
were identified from a technical and, ultimately, a cost perspective. An Advanced Conceptual
Design (ACD) effort was initiated to:

. Evaluate the impacts of changing technical requirements on the drawings, specifications,
etc., and revise the appropriate documentation including the cost estimate,

° Resolve selected uncertainties identified in the CDR, thus allowing reduction of selected
contingencies,
o Incorporate selected comments received during Conceptual Design, but not incorporated

for various reasons, and
. Explore identified alternatives where cost savings appeared realistic.

This report is the product of the ACD (including the attachments hereto). It provides
updated technical documentation for the performers of Title I Design to assure a smooth
initiation of activities, and provides preliminary modifications to the cost estimate for
incorporation at the time of the next estimate update.
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3.0 ADVANCED CONCEPTUAL DESIGN METHODOLOGY

The Request for Proposal and, ultimately, this report, identified a series of 16 specific
activities to be performed. Each activity was treated as a stand-alone subtask with an identified
scope, schedule, and Lead Engineer. These subtasks ajl provided technical data for potentially
updating the cost estimate and refining scope. Upon completion of each subtask, a brief report
was prepared identifying options reviewed and resulting recommendations. These technical
reports were reviewed/approved by CH2M HILL Hanford Group, Inc., personnel and appropriate
estimate data prepared to support the final update to the cost estimate. Technical and cost
information from each completed subtask was then integrated with the overall design package
[drawings, estimate, System Design Description (SDDs), etc.]. This report provides the
individual task reports, revised summary estimate, revised drawings, and selected other data as
attachments. The results of ACD, combined with the CDR, provide a firm basis for initiation of
Title I Design.
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4.0 TASK DESCRIPTIONS

The DST system has numerous subsystems established within it. Project W-521 will
provide upgrades and modifications to the following nine systems for waste preparation, waste
retrieval, waste transfer, and process control: 1) Diluent and Flush System, 2) Mixer Pump
System, 3) Transfer Pump System, 4) RPP/WTF Transfer Piping System, 5) Piping, Jumper, and
Valve System, 6) Retrieval Control System, 7) Valve/Pump Pits and Cover Block System,

8) Electrical/Water Utilities System, and 9) AY/AZ Ventilation System. Various uncertainties
remained after completion of the CDR. To resolve these uncertainties, 16 specific tasks were
identified, which involved performing additional analysis and reviews and then determining if
any of these enhancements will have an effect on the project cost and schedule. A summary
description of each task follows (including technical results and cost summaries).

4.1 Valve Type Analysis
4.1.1 Scope

This task investigates various configuration options for the two-way and three-way
valves to be installed in the process pits by Project W-521.

The current concept is to use readily available valves equivalent to those being used by
Projects W-211 and W-314. There have been issues raised with these valves, however,
regarding the operability and reliability in the tank farm environment. This task evaluates
available valves and makes recommendations as to the most appropriate valve for use,
configuration of valves, and additional testing to arrive at an optimum system.

The main activities performed during the Valve Type Analysis were:

e Preparing a list of pertinent valve functions and requirements.

e Contacting various valve vendors for information relative to their product being able to meet
the requirements.

s Reviewing other sources for pertinent documentation such as commercial nuclear facilities,
other DOE projects, and published reports.

e Reviewing available data on material responses to radiation fields.
e Preparing a test and evaluation plan for this activity.

e Establishing a small test program at a vendor’s facility.
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4.1.2 Technical Results

The ACD schedule did not allow enough time for a detailed evaluation of various valve
types. This task, however, completed the preparation of a procurement specification and test
plan to support detailed testing of two- and three-way valves at the start of Definitive Design.
From discussions with various vendors, it appears that the concerns that initiated this analysis
(i.e., leaking stems and seats; high torques) can be eliminated.

In addition, this analysis determined that using the three-way valves in the process pits
was recommended over using all two-way valves. The primary reasons for this recommendation
were the concerns with waste buildup in the dead leg pockets created by using all two-way
valves, and the complex pit arrangements that this option creates. See Attachment A for details.

4.1.3 Cost Summary

The recommendation to stay with all three-way valves will have no cost change impact to
the CDR estimate; however, if testing of the valves during Definitive Design shows that the gear
operators can be eliminated on the two-way valves in the valve pits, this will have a cost savings

of approximately $1,546,000. It is highly likely that this will be acceptable, and the reduction of
$1,546,000 can be achieved.

4.2 Mixer Pump Impingement Force on In-Tank Equipment
This task evaluates the impingement forces imposed on in-tank equipment during mixer
pump operations. The assumptions that were made during the CDR phase can now be confirmed
based upon data from recently completed tests.
Activities involved with this task included:
e Reviewing the existing analyses.
e Researching existing and planned component locations and configurations.
o Estimating the acceptable forces on the components.
» Calculating the expected forces on the components.
® Preparing an evaluation report.
4.2.1 Technical Results
The results of this evaluation include confirmation that there are no impingement force
concerns in AW, and that selected components should be removed from tanks in 241-AY and

241-SY farms. Certain operational controls will also be required in AY tanks. See Attachment
B for details.
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4.2.2 Cost Summary

The cost changes associated with this task have all been incorporated in the related Task

12, LLCE Component Evaluation (see Attachment L to this report).

4.3 Heating, Ventilation, and Air Conditioning Scope Refinements

This task reviews the scope and design approach used for the 241-AY and 241-AZ

ventilation systems, This task determined if there was a more cost-effective manner in which to
accomplish portions of this work.

The key activities involved with this task are shown below.

During Conceptual Design activities, a regulatory interpretation recommended installing a
fully redundant secondary train in the primary ventilation system. This revision was captured
in the CDR. This task assesses the reliability of the primary ventilation system retative to its
ability to support waste transfer to the WTF and recommends the minimum upgrades to
achieve the goal. This task includes performing a cost-to-benefit analysis of incrementally
reducing the number of redundant components contained in the Conceptual Design.

The Conceptual Design includes a new catch tank and lift station that will transfer ventilation
condensate to the 241-AY and 241-AZ tanks. This task considers options for reducing the
cost of this design.

The Level 2 Specification for ventilation requires that the 241-AY and 241-AZ annulus
ventilation systems provide a minimum of 850 CFM through the annulus slots of each tank.
The existing 241-AY and 241-AZ annulus ventilation systems do not comply with this. This
task considered several options to achieve the require flow rate. The task develops cost
estimates for implementing the preferred option.

This task reviews the ventilation design shown in the CDR and compares the modifications
with the requirements of the Level 2 Specification for Ventilation.

4.3.1 Technical Results

The results of each of the four activities are:
The cost-to-benefit analysis concluded that modifications contained in the CDR are
unnecessary. Rather, the potential of system failure can be sufficiently mitigated through the
practice of increased maintenance during DST pre-transfer operations.

Rather than installing a new lift station, this activity recommended installing a pump in the
241-A-702 seal pot. This approach is much more cost-effective than installing a new lift
station.

e bk . ool e R

.... T ——
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e The activity revealed that the 241-AY and 241-AZ annulus ventilation systems should be
modified to achieve the higher flow rate. The modifications should add a supply fan to each
of the existing annulus ventilation systems.

e The activity concluded that the Conceptual Design complies with the Level 2 Specification
for ventilation.

Detailed information is provided in Attachment C.
4.3.2 Cost Summary

A total reduction of more that $8 million from the CDR estimate results from
implementing these recommendations. A final decision on implementation is expected from
CHG prior to initiation of Definitive Design.

4.4 Refine 241-AZ-151 Decommissioning

This task reviewed and refined the approach used for the 241-AZ-151 decommissioning
to determine if there ts a more cost-effective manner in which to accomplish this work.

Activities involved with this task included:
* Reviewing applicable regulations for decommissioning the tank.

o Evaluating how the tank can be decommissioned and compared various methods of
accomplishing the decommissioning.

e Preparing an Alternative Generation Analysis {AGA) report that documents the preferred
method of decommissioning the catch tank.

4.4.1 Technical Results
- The recommendation are as follows:
e Stabilize the tank by pumping tank liquid and removing tank equipment,

o Isolate the tank by cutting and capping the inactive incoming lines at the tank and rerouting
the active process condensate line, and v

e Monitor the tank by utilizing and the existing ENRAF monitoring system,

The combination of these recommendations would result in successful initial
decommissioning. See Attachment D for details.
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4.4.2 Cost Summary
The recommended approach to decommissioning this catch tank is consistent with the

concept proposal in the CDR (with minor variations). No change to the cost baseline will result
from this task.

4.5 Comparison of Fuel Oil Boiler to Electric Heating System

This task investigated the use of an electrical water heater for the 241-AW diluent and
flush system versus the CDR approach, which utilized a fuel oil boiler, to determine the most
appropriate method of heating. The review considered all new or revised requirements from the
Level 2 Specifications and incorporated the new data available from electrical loading
calculations, etc.

Activities involved with this task included:
e Determining the requirements for diluent and flush water heating.
e Determining ranking criteria.
e Ranking electric heating versus fuel oil heating.
e Preparing an AGA report.
4.5.1 Technical Results

The recommendation are to install additional electric heating capabilities in the SY
diluent system, and redesign the AW diluent system from a fuel oil fired boiler to an electric
system. Several deviations/changes to the Level 2 Specification must be made, as well as
changes to transformer sizes, etc. See Attachment E for details.

4.5.2 Cost Summary

A reduction of approximately $71,000 will result from this task.

4.6 Optimize the Caustic Diluent Pad Design to Minimize the Accumulation of Water

This task consisted of refining the design for the caustic diluent system pad and sump to
minimize the accumulation of water and miscellaneous debris within the sump and provide for
easy removal of these items from the sump. This will help keep the system in a more operable
condition and will minimize the generation of unnecessary waste.
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Alternatives that were considered included:
s Use of a roof over the pad and sump area.
¢ Modifications to the containment structure.
e Lighting options.
» Waste removal systems.
4.6.1 Technical Results
The reconfigured pad (including a shelter) provides a more compact and operationally

friendly layout for accommodating the revised heating approach explained in Attachment E and
for providing regulatory comptliance and risk reduction. See Attachment F for details.

4.6.2 Cost Summary

An increase of approximately $417,000 initial cost will result from this task. This
increase, however, is warranted when the operator improvements and minimization of waste are
considered. The proposed redesign also reduces risks in the SY Farm, although no reduction in
contingency has been applied.

4.7 Mixer Pump Analysis to Support Procurement Specification Preparation

This task involved evaluation of criteria and certain critical parameters associated with
the Project W-521 CDR procurement specifications that may affect the original CDR content,
estimate and schedule. Specifications potentially affected include the Mixer Pump, Transfer
Pump, and In-tank Camera specifications.

Activities involved with this task included:
s Researching past tank mixing results from all available sources, such as Project W-151,
“Tank 241-AZ-101 Mixer Pumps,” Savannah River, Oak Ridge, etc., to determine whether

lower horsepower mixer pumps or a fewer number of mixer pumps can be utilized to
effectively mix tank waste.

e Determining changes required in the specifications (and other affected documents} due to 90
percent CDR review comments.

¢ Evaluating schedule coordination of procurement and construction activities.

e Incorporating changes due to release of the Level 2 Specifications and the results of ACD
subtask analyses for the subject systems/components.
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4,7.1 Technical Results

The recommendation is to continue the approach of installing two mixer pumps in all
tanks within the Project W-521 scope. This includes reducing the number of pumps in Tanks
AY-101 and AY-102 from 4, 150 hp pumps in each tank to 2 reduced diameter, 300 hp pumps
each tank. The mixer pump procurement specification was revised to include the evaluation
results, the Level 2 Specification changes, and to make the document consistent with current
RPP reporting format. Only the mixer pump specification required revision as a result of the
ACD effort. Attachment G contains the evaluation report and the revised specification.

Note that Task 2, (Attachment B) Mixer Pump Impingement Force on In-Tank
Equipment supplied key input to this task.

4.7.2 Cost Summary
A total reduction of more than $11.7 million from the CDR estimate resuits from

implementing these recommendations. A final decision on implementation is expected from
CHG prior to initiation of definitive design.

4.8 Survey of Transfer Route

This task evaluated the route chosen for the transfer lines between the new 241-AP-A
valve pit and the WTF during Conceptual Design to confirm that it is the optimal path.

The main focus of this task was to perform a preliminary route survey of the corridor
chosen during the Conceptual Design phase. Prior to performing this route survey, additional
field walks and reviews of historical drawings were performed to determine if any interferences
exist. HNF-5371, Revision 1, Site Development Plan For Project W-521, Waste Feed Delivery
Systems (CHG 2000c), was reviewed for any useful information. Obstructions or inconsistencies

found by the route survey will be investigated by use of potholing, ground-penetrating radar
scans, and further document searches.

The preliminary route survey was used to:
¢ Find the optimum combination of alignment and grades along the chosen route,
¢ Avoid any existing physical obstructions, including wells and the 216-A-29 ditch and
» Prepare an accurate estimate of earthwork quantities.
4.8.1 Technical Results

(Awaiting resolution of interface issue with WTF.) See Attachment H for details.

il
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4.8.2 Cost Summary
No changes to the cost baseline have currently been identified. If, however, the tie-in

coordinates are relocated as proposed, approximately $400,000 can be removed from the Project
W-521 estimate due to reduction in piping lengths.

4.9 Distribution of Mixer Pump Power

This activity investigated options for providing electrical power to the new mixer and
transfer pumps being installed by Projects W-211 and W-521.

Activities involved within this task included:
e Investigating various power distribution alternatives.
e Assuring that the selected alternative met the new Level 2 Specification requirements.
e Evaluating the flexibility of the alternative with respect to schedule.
¢ Assuring that the required components were commercially available.
4.9.1 Technical Results

The results proposed a more flexible system consisting of a centrally located power
island with power distribution to the various loads. This system is not significantly dependent
upon the construction sequencing of the farms, which lowers the direct cost slightly while
eliminating risk. See Attachment I for details.

4.9.2 Cost Summary

This task resulted in an overall reduction of approximately $142,000 from the CDR
estimate.
4.10 Vendor Search for Small Camera System

The task performed an evaluation of various alternatives available for a small camera
system to be utilized within the tanks, preferably utilizing 4-in. risers. g

In-tank viewing is required during WFD operations. Project W-521 will install a camera
in all of the DSTs within the scope of the project, which would include tanks SY-101-102-103,
AW-101-103-104, and AY-101-102.

Cameras will be used to lower equipment into the tank, estimate deflection due to mixer
pump forces, view in-tank equipment, view waste, etc.

12
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In-tank cameras are used extenstvely at the Hanford Site, and there is a significant
amount of experiences, interests, and opinions that can be used as to assist us in making a
decision on the best method for in-tank viewing.

Key activities performed during this task were:

e Determining and documenting the requirements for in-tank viewing applicable to WFD. The
bases and requirements for in-tank viewing were listed for future incorporation into the RCS
SDD. The requirements primarily came from the Level 2 Specifications for DST monitor
and control system subsystem and the process control strategy for WFD. This work was
coordinated with Operations to understand the durations required for in-tank viewing.

e Gathening and organizing Hanford in-tank camera related data/information that is relevant to
WFD.

e Conducting a vendor search for camera alternatives utilizing data from other nuclear facilities
and other vendor indexes/sources.

s Evaluating alternatives from a cost, operability, and useful lifetime perspective to support
camera system selection.

4.10.1 Technical Results

The results of this task indicate that it is unlikely at this time that a commercially
available camera system is obtainable which meets all requirements/needs. The recommendation
is to continue to use a permanent camera installation (4-in. where no 12-in. risers are available
and 12-in. where possible). It is possible that evolution of technology may make other options
available. See Attachment J for details.
4.10.2 Cost Summary

The recommended approach is consistent with the original approached developed in the
CDR. There are no cost changes to the CDR baseline resulting from this task.
4.11 Evaluate Performance of Instrumentation

This task involved the review and analysis of the performance characteristics of
instrumentation used in the AZ-101 mixer pump test, SY-101 waste transfer, and C-106 transfer
and how this data could be used to optimize Project W-521 design.

Key elements of this activity included:

o Gathering data pertinent to waste transfer instrumentation.

13
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o Determining the instrumentation requirements for material balance and density
measurements used in the most recent waste transfers at Hanford.

e Determining whether other commercially available alternate technologies meet the
requirements.

4.11.1 Technical Results

At any time during the mixing operation, the process could be operated in the
recirculation mode, and the in-line density could be recorded respective to the pump suction
position. Further analysis is required to determine if this would provide valuable data to the
WEFD operation.

Project W-521 RCS should connect the insulating concrete thermocouples. This will
provide additional data that will be helpful in determining sludge mobilization.

The instrumentation that indicates the position of the mixer pump needs to be calibrated
or biased before put in use in the tanks. This should be stated as a capability of the
instrumentation and as installation criteria. See Attachment K for details.

4.11.2 Cost Summary

The cost changes associated with the results of this task have been incorporated into the
subtask on existing instrumentation interface (see Attachment N or this report).

4.12 Reuse of Long-Length Contaminated Equipment Components

This task evaluated the Long-Length Contaminated Equipment (LLCE) system in an
effort to minimize the amount of consumable material and, hence, the cost, associated with
removing LLCE.

Key activities performed within this task included:

o Confirming the LLCE to be Removed — The LLCE equipment listed for removal in the
Project W-521 CDR Outline Specification, Section 200, Table CS-1, was verified, including
accounting of results from Task 2, Impingement Forces

e Researching Pit/Riser Configuration — For the LLCE identified for removal, the
configuration of the associated pit and riser was documented. This information was obtained
from applicable drawings and previous pit/riser surveys.

e Determining Method of Removal/Disposal — Small diameter LLCE (i.e., instrument trees, air

lances, etc.) can be removed without the use of the LLCE system. The LLCE identified for
removal were evaluated to determine the most cost-efficient removal method.
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¢ Determining LLCE System Component Inventory ~ Based on the LLCE removal list, a list of
LLCE system components needed for the removal of the identified LLCE was compiled.
Several LLCE system components have already been designed and fabricated. This existing
inventory was documented.

e Evaluating LLCE System — The LLCE system utilizes several items that are considered
“consumable” and will be disposed of with the LLCE being removed. In addition, the CDR
concept required that a unique adapter and platform be developed for each pit type/size
where LLCE removal is required. It 1s highly possible that with some modifications, reuse of
much of this material can be achieved. Consumable items that are associated with high
procurement or fabrication costs will receive priority.

e Determining Changes — Based on the results of the LLCE system evaluation, changes to the
design and/or the operating methodology were proposed. Sketches and/or narratives
describing the proposed changes were developed.

o Estimating Cost of Proposed Changes — The cost to implement each of the proposed changes
was estimated. The implementation cost was then compared to the expected savings in
operating costs. This information was used to determine if the proposed changes are
economically viable.

» Revising CDR Documents — The proposed changes to the LLCE system were incorporated
into the appropriate CDR documents.

4.12.1 Technical Results

The results of this subtask included a reduction in the number of LLCE retrieval and
disposal system infrastructure components needed by the project and reduction in the number of
items that require disposal using the LLCE system (as opposed to less expensive burial box
disposal). See Attachment L for details.
4.12.2 Cost Summary

The cost reduction to the CDR estimate associated with this task is approximately
$15.38 million.
4.13 Double-Shell Tank Monitor and Control Subsystem Improvement

This task involved reviewing existing requirements for interfacing with the Tank Farm
Local Area Network (TFLAN), refining these requirements, and applying these refinements to
the Project W-521 design.

Activities performed as part of this task included:

e Reviewing Level 2 Specification for the DST Monitor and Control Subsystem.
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e Reviewing ISA Standards for applicability to the DST Meonitor and Control Subsystem.
e Refining DST Monitoring and Control TFLAN interface requirements.
4.13.1 Technical Results

A long-range plan is required that specifically defines the roles and responsibilities for
each project that provides a piece of the RPP monitor and control system.

The monitor and control systems are made up of existing and new systems. The duration
and schedules of the projects that make up the monitor and control systems encompass several
years. The plan should cover system architecture, design philosophy, safety classification,
operational requirements, maintenance requirements, network administration, configuration
management, and change control.

It is recommended that monitor and control system hardware and software be
standardized. This will maximize the ability to simplify implement integration and consolidation
of system functions for WFD. Specific to Project W-521, it is recommended that additional
monitoring, control, and interfaces be provided at various components (see Attachment M for
details).

Utilize the existing TFLAN infrastructure and extend TFLAN to new ICE Buildings.
4.13.2 Cost Summary
The impact to the Project W-521 cost estimate is an increase of approximately $441,000.

There are other short-term costs associated with the generic recommendations noted above,
however, the overall program costs will ultimately decrease.

4.14 Existing Instrumentation Interface Refinement

This task reviewed the requirements for interfaces with existing instrumentation,
provided further definition to these requirements and applied these findings to the Project W-521
design. It determined the interface requirements between DST Monitor and Control Subsystem
and the following instrumentation as applicable to WFD: tank waste level, tank dome space

pressure, in-tank gas analysis, selected ventilation parameters, and waste and structure
temperatures.

Activities performed as part of this task included:
e Reviewing new Level 2 Specification for DST Monitor and Control Subsystem.

e Further refining the interfaces with existing instrumentation.
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e Working with other projects, such as Project W-314, to further define project interfaces and
responsibilities.

e Completing a field walk down to determine technical complexity and cost of tying into
existing instrumentation.

4.14.1 Technical Results

This evaluation documented the existing instruments that are required to be monitored by
the Project W-521 RCS, and identified the curent configuration of the instrumentation. Data
will be received by the RCS from TMACS via TFLAN or signals will be connected directly to
the RCS.

One important consideration is that TMACS is classified as safety-significant and
TFLAN is general service. Safety-significant functions must remain with TMACS.

For existing instrumentation connected to TMACS: There are two methods identified in
the evaluation that will allow the RCS to receive data. The first method assumes that an
interface between TMACS and TFLAN is established. It was assumed in the evaluation that the
Central Monitoring System Project would provide this interface. The TMACS/TFLAN interface
would allow the Project W-521 RCS to read data that is connected to TMACS via a TFLAN
connection. The second method involves modifying existing signals connected to TMACS. The
existing signals would be connected to TMACS and the Project W-521 RCS. This method
would not require a TMACS/TFLAN interface.

The method of interfacing will be determined in Detailed Design. See Attachment N for
details.

4.14.2 Cost Summary

The results of this task (including information from Task 11, Evaluation of Existing
Information, requires an increase of approximately $741,000 from the CDR estimate.

4.15 Portable Pit Decontamination Unit

This task evaluated improved remote handling techniques for pit operations, including pit
decontamination and crack repair. .

The concepts currently reflected in the CDR are to build temporary greenhouses for each
pit entry/work package execution. The cost to build/tear down these greenhouses and the
associated waste generated is excessive. A portable, re-useable decontamination unit offers the
potential for cost reduction, waste minimization, and schedule improvement by reducing
radiation exposure and manpower-intensive activities in the pits.
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Specific activities performed as part of this task included:

e Reviewing recent studies that evaluated alternative methods of completing pit operations
remotely. The purpose of this review was to understand the solutions that have been
proposed, the basis for the identification and selection of those solutions, and the scope of
work those selected solutions are intended to address.

e Identifying the full scope of tasks that must be completed under the general scope of pit
operations and listing the requirements and desired goals associated with those tasks.

e Determining the personnel dose rate, cost and schedule impacts attributable to each task.
This activity sets the stage for evaluating the potential benefit of upgrading a particular task
to be accomplished by remote methods.

e Identifying the logical break points based upon life-cycle cost, dose, and schedule
considerations that represent significant improvement opportunities.

» Through the AGA process, identified concept options that address each of the logical break
points. A preferred concept was selected based upon an evaluation that examined each
option's ability to meet stated requirements and how well specified goals were met {desirable
characteristics).

¢ A subtask within this task was to evaluate options for the repair of cracks found in the pump
and valve pits. The requirements and desired characteristics were identified and then a
preferred concept was selected through decision analysis.

4.15.1 Technical Results

A recommendation to revise the planning process from entirely manual to a combination
manual and use of a remote arm mounted to a backhoe resulted from this task. See Attachment
O for details.

4.15.2 Cost Summary

The cost reduction to the CDR estimate as a result of this task if approximately
$8.2 million.
4.16 Diluent System Piping Tie-Ins Refinement

This task investigated options for routing diluent to the mixer and transfer pumps to be
installed by Project W-521.

The current concept is to utilize existing 2-in. slurry lines that feed the central pump pits.

The existing line will be tied into to add above-grade valves and additional pipe to provide the
option of feeding either the mixer pumps or the transfer pump. However, these existing lines are
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highly contaminated and it is possible that a less costly method may be available. This task
evaluated available options and makes a recommendation as to the most appropriate way to route
diluent to these pumps.

Activities performed during this task included:
o Determining diluent system interface requirements.
e Developing other feasible options for evaluation.
e Evaluating the different options from a cost and technical perspective.
o Modifying design media based on preferred option.
4.16.1 Technical Results

Instead of tying into the existing slurry lines, this analysis recommended that separate
3-1n. diluent lines be run to each of the SY DSTs from a tie-in to the existing farm service water
line. The primary reasons for this recommendation were to support the requirement to feed raw
water and/or diluent to the mixer pumps at a flow rate of 200 gpm and to eliminate the need to
tie-in to contaminated existing slurry lines. See Attachment P for details.
4.16.2 Cost Summary

The recommendation to run separate lines will have a reduction in cost of approximately
$57,000 to the CDR estimate. Although additional piping is required, this option is lower in cost
since the tie-ins to the existing slurry lines would be eliminated. In addition, there is no

additional cost for trenching since the new diluent lines would share trenching with the new
waste transfer and/or electrical lines being installed in the farm.
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5.0 OTHER DOCUMENTATION

The other documents prepared during the ACD are as follows:

Updating of all drawings that were changed as a result of the ACD effort. A complete set of
these drawings showing the primary changes from the CDR, Rev. 0 Baseline is contained in
Attachment R.

Updating of all of the SDDs was performed. The primary drivers for updating the SDDs
were the issuance of revisions to the Level 2 Specifications. Additional input was provided
by the Design Authorities, several of the alternative analyses included as part of this report,
GAP Analysis furnished by client personnel, and scope changes driven by the previously
discussed tasks.

Updating of the Summary Project Cost Estimate has been completed in accordance with the
recommendations contained herein. The detailed work elements have not been updated, but
will be completed design contract data are incorporating early in Title I Design.

Interface Control Drawings have been updated in accordance with the recommendations

contained in this report, however, they are not included in this document but are maintained
in project files.
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6.0 SUMMARY OF RESULTS

6.1 Technical Summary

As aresult of these activities, technical risk has been significantly reduced. Specific
areas where the ACD provided major improvements to the technical baseline (thus lowering risk)
are:

e Incorporation of current Level 2 Specification requirements (or, conversely, identifying
waivers/exceptions necessary to support the initiation of Title I Design).

e Incorporation of new safety analysis results.

e Reduction in uncertainties associated with removal of LLCE.

e Improvements in procurement documentation for mixer/ pumps.

e Resolution of outstanding comments from the CDR.

¢ Elimination of the fuel o1l fired boiler for the diluent system.

e Minimization of the ventilation upgrades while still addressing issues.

e Establishment of a firm approach for taking the AZ-151 collection tank out of service.
e Identification of a more detailed instrumentation strategy.

e Updating of the technical support documentation necessary to smoothly transition into Title I
Design (Master Equipment List, SDDs, drawings, specifications, etc.).

e Improvements/refinements identified that will result in a Jower cost and lower risk entrance
into the subsequent phases of the project.
6.2 Cost Summary
A summary by task is shown in Table 6-1.

Each individual task shows the direct cost increase/reduction associated with the
recommended approach.
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Table 6-1. Task Summary.

Task No. Task Title Cost Increase Cost Reduction
1. Valve Type Analysis 81,545,521
2. Mixer Pump Impingement Force on In-Tank Equipment Included in Task
#12
3. HVAC Scope Refinements
3a. Condensate $2,753,693
3b. Annulus $4,107,317
3c. AGA $9,735.876
4. Refine 241-AZ-151 Decommissioning
5. Comparison of Fuel Oil Boiler to Electric Heating $71,128
System
6. Optimize the Caustic Diluent Pad Design to Minimize $417.842
the Accumulation of Water
7. Mixer Pump Analysis to Support Procurement $11,721,804
Specification Preparation
8. Survey of Transfer Route
9. Distribution of Mixer Pump Power $141,733
10. Vendor Search for Small Camera System
11. Evaluate performance of Instrumentation
12. Reuse of LLCE Components $15,380,108
13. DST Monitor and Control Subsystem Improvements $440,927
14. Existing Instrumentation Interface Refinements $740,005
15. Portabie Pit Decontamination Unit $8,280,905
16. Diluent Piping Tie-Ins Refinement $57,408
TOTAL $5,706,091 $49.688,176
NET COST SAVINGS* $43,982,085

*Note that not all recommendations have been approved by CHG, nor have any reevaluations of
contingency percentages been performed.

Attachment Q contains revised cost estimate summary sheets that incorporate these
results and show the trended estimate resulting from the ACD effort.
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1.0 INTRODUCTION

Project W-521, Waste Feed Delivery System Project, is upgrading the process pit jumper arrangements
in the following pits: Pump Pits 241-AW-01A, -02A, -03A, -04A; 241-AY-01A, -02A; 241-SY-01A,
-02A, -03A; and Valve Pits 241-AP, 241-AP-A; 241-SY-A, -B. The jumper arrangements consist of a
number of two-way and three-way valves to achieve the various routing objectives in each of the process
pits. During the conceptual design of Project W-521 the valve selection was based on readily available
valves equivalent to those being used by Projects W-211 and W-314. Based on issues that have been
raised on the performance of these valves, a Valve Type Analysis task was identified for the Project
W-521 Advanced Conceptual Design (ACD).

1.1 Purpose

The purpose of this ACD Task was to investigate options for the two-way and three-way valves. The
task was divided into the following two subtasks:

e Subtask 1 - Test and Evaluation, and
e Subtask 2 - Two-Way Valve Investigation.

The primary task of the Subtask 1 was to develop a test plan to find possible vendors to provide 3-in.
three-way ball valves that can meet the Project W-521 valving requirements. The primary task of
Subtask 2 was to determine if it was both technically possible and financially warranted to use all
two-way valves.

1.2 Scope

The scope of Subtask 1, Test and Evaluation, consisted in the development of a procurement
specification for the test valves and a valve test plan. The scope of Subtask 2, Two-Way Valve
Investigation consisted of modifying the process pit jumper arrangements to determine if the use of all
two-way valves was possible. An estimate was then performed to determine if it was cost effective to
switch to two-way valves.

2,0 METHODOLOGY

The process followed in Subtask 1 consisted of a review of pertinent literature, including the
Double-Shell Tank Transfer Valving Subsystem Specification, HNF-4163, and contacts with vendors for
the supply and testing of the valves. The process followed in Subtask 2 consisfed in the layout of new
Jumper arrangements for the process pits affected. This was backed up with a cost estimate to determine
if the elimination of the three-way valves was warranted.
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3.0 ASSUMPTION
For Subtask 1, the following assumptions were made:

1. The total lifetime accumulated dose for the valve seats and seals is 6 x 10’ Rad. This was taken
from the design requirements for Project W-314 that was based on an earlier analysis from the
Cross-Site Transfer System Project. The valving specification, HNF-4160, references
HNF-2004 for the induced radiation environment for the valves, however, no total dose is
provided. It is believed that the total dose would be lower by no more than a factor of four and
since this would not drive the seat or seal material, a detailed analysis using the new source terms
in HNF-2004 was not warranted.

2. The test plan would only address the concerns with stem leakage, seal leakage, and torque.
For Subtask 2, the following assumptions were made:;
1. The quantity of jumpers in each pit will remain unchanged.

2. Manual three-way valves will still be used on the drain jumpers.

4.0 DISCUSSION
4.1 Subtask 1 - Evaluation and Test

As stated earlier, the purpose of this subtask was to identify vendors that could supply 3-in. three-way
ball valves capable of meeting the Project W-521 requirements. A typical cross-section of a three-way
valve is shown in Figure 4-1. The test plan was developed to address the three primary issues that were
identified during the testing of valves for Project W-211 and W-314:

1. Leakage from the stem packing,
2. Leak by on the valve seats, and
3. High operating torques.

The first tasked involved in the evaluation and test of the valves was to develop a list of pertinent valve
functions and requirements. The bulk of the functions and requirements were derived from the Level 2
valving specification (HNF-4160) and from Project W-314 requirements (W-314-P1). With these
requirements identified, a performance procurement specification was developed (see Appendix A).
This specification would be used to purchase a test valve from vendors that could supply a valve
meeting the requirements of Project W-521. It should be noted that since this specification is for
procurement of test valves only, no Certificates of Conformance and other submittals would be
requested. The items that are for the final procurement specification only are noted as such in the
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specification provided in Appendix A. The following vendors expressed an interest in providing a three-
way valve for testing:

e Worcester Controls
e PBM, Inc.
e SVF Flow Controls, Inc.
e KITZ Corporation
STEM HANDLE
PACKING

BODY BALL

Figure 4-1. Typical Three-Way Valve,

Parallel to developing the procurement specification, a test plan was prepared (see Appendix B).
Basically, the tests identified in the test plan coincide with the concerns that were voiced with the
Project W-211 and W-314 valves - leaking stems, leaking seats, and high torques. Sten: seal leakage
would be checked by applying a force to the top of the valve stem. When this type of loading was
placed on the valves used by Project W-314, a spray leak occurred through the stem packing. An
industry standard seat closure test (API Standard 598 and ASME B16.34) would demonstrate adequate
seat tightness of the valve while a simple torque test on the valve stem would demonstrate acceptable
torque values. All testing was planned to be performed on-site at the 305 Engineering Testing
Laboratory.

After contacting various vendors, it was determined that purchasing of new valves for testing would
require several months. Since the scope of the ACD did not allow that much time, an alternative plan
was developed. The procurement specification and test plan would be completed, however, full-scale
procurement of the test valves would not be initiated until the start of definitive design. This would still
allow testing to be complete prior to the need of the valves for construction. The completed
specification and test plan are in Appendix A and B, respectively.

One 3-in. three-way valve was retrieved from a canceled project. This was a 3-in. three-way Worcester
Controls valve that was to be used in one of the process pits, however, the seat material would not meet
the radiation requirements identified for the W-521 Project. Worcester Controls offered to replace the
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seats at no cost and return the valve for testing, however, results of these modifications were not
available before the end of the ACD. However, it is believed that the modifications by Worcester
Controls would substantially reduce the operating torque. Their approach is to treat the PEEK seats like
a metal seat and machine an o-ring groove on the backside of the seat. The softer o-ring material would
then not require as much torque on the valve body bolts which would translate to a lower valve
operating torque. Verification of the final torque and other testing of this valve will be done with all of
the other supplied valves during definitive design.

4.2 Subtask 2 - Two-Way Valve Investigation

The majority of the concerns and problems associated with the process pit valves have been with the
three-way valves. Therefore, the purpose of this subtask was to determine if each of the process pits
could be arranged with all two-way valves. Typically, a three-way valve would be replaced with two
two-way valves, however, since flow can be in either direction for most of the process pit piping, three
two-way valves are required as shown in Figure 4-2.

FLOW

b A B!
WA Al v
e

ADDITIONAL DEAD
LEG "POCKET" USING
2-WAY VALVES

_____

2—WAY VALVE
CONFIGURATION

3—WAY VALVE
CONFIGURATION

Figure 4-2. “Pockets” with Two-Way Valves.

One initial drawback seen with the two-way valve configuration is the small dead leg created were waste
could be accumulated. This is not a concern on the diluent jumpers, however, with the exception of the
241-AP Valve Pit, there is usually only one three-way valve associated with the diluent routing in a pit.
Therefore, this analysis will be based only on the waste transfer jumpers and any conclusions will be
applied to the diluent jumpers for consistency in design.

For the 3-in. waste transfer jumpers, the dead legs can be minimized so that the “pockets” are no more
than 4-inches in length by welding the valves to the end of the tee (see Figure 4-2). However, this type
of arrangement will cause some of the valves to have a center-to-center distance of less than 12-inches.
This close proximity could create some interference problems with the valve operators above the cover
blocks. It should be noted that these dead legs are not permanent where buildup would continue to
increase. That is, the different routings possible within the jumper will change which leg of a tee will be
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the dead leg. However, to completely remove the possibility of buildup in these pockets, the jumpers
would need to be flushed through each of the dead legs in the transfer route.

The primary advantage in using two-way valves over three-way valves would be in the area of
operations. The two-way valves are either opened or closed which makes valve positioning easier.
With a three-way valve there is no valve stop for the middle position, therefore, the operator is required
to line up the middle valve position with the aid of paint markings and limit switches. These markings
and switches must insure that the valve is within +5° of the true middle position or the valve seats will
not stop leak by to the other legs. Also, the torque requirement of a two-way valve is lower making it
easier to operate. Finally, the number of qualified suppliers is higher for two-way valves. Only
Worcester Controls and PBM, Inc. have substantial experience with three-way valves in nuclear
environments.

The first tasked involved in the two-way valve investigation was to prepare new jumper arrangement
drawings for the process pits. Each of the pits was reconfigured without much difficulty. The new
arrangements are shown in Appendix C. The main issue with these new arrangements is the increased
stiffhess of the jumpers. The valves are a rigid component and with the increase in the number of valves
on the jumper, the jumper becomes less flexible. In addition, these new arrangements require some of
the jumpers to have fitting-to-fitting connections in order to make them fit which also reduces the
flexibility of the jumper. This stiffness of the jumpers is a concern since less flexibility leads to higher
thermal stresses and larger loads being transmitted to the pit nozzles.

For Subtask 2, the number of valves increased from the 111 total valves in the Conceptual Design
Report (CDR) to 165 total valves using all two-way valves. The change in the number of valves for
each of the pits 1s summarized in Table 4-1.

Table 4-1. Change in the Number of Valves

Conceptual Advanced
Pit Number Conceptual
2" 2-way|2" 3-way|3" 2-way|3" 3-way|2" 2-way|3" 2-way
AW-01A, -03A, -04A;

SY-01A, -02A, -03A | 1 3 : 2 0
AW-0ZA 0 0 5 4 0 16
AY-01A 2 1 3 2 5 5
AY-02A 2 1 5 4 5 9

AP* 13 6 13 8 31 35

AP-A* 0 0 8 5 0 19

SY-A* 4 2 4 3 8 9

SY-B* 3 1 4 2 6 9
Subtotal] 25 12 45 29 57 108

Total 111 165
* Valve Pits
HND Team Page 5
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Finally, an estimate was prepared to determine the cost differences between the three-way and two-way
valve arrangements. Three different estimates were prepared based on the following three options:

e Option 1, Two-Way Valve Configurations w/ Valve Operators
¢ Option 2, Two-Way Valve Configurations w/ T-Handles
e Option 3, CDR Configuration w/ T-Handles

To switch to a manual “T-handle” operator instead of the CDR gear/motor-operator the torque to operate
the valve must be approximately 80 ft-lbs (See Figure 4-3). This is assuming that a long enough
T-handle could be used to support the human factor guidelines for the amount of force that can be
applied by an operator. For the type of valve seat required in a waste transfer jumper, this low of torque
will only be achievable on the two-way valves. However, some additional testing will need to be done
to determine if this is even achievable.

T—-HANDLE

VALVE
CPERATCR

[
PROCESS PIT } i
COVER BLOCKS\

2-WAY OR 3-WAY
BALL VALVE

2-WAY
BALL VALVE

Figure 4-3. Typical Valve Operator and T-Handle.
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Option 1 looked at the cost difference due to the increase in the number of valves with no other changes.
Although the cost of two-way valves are less than three-way valves, there was an increase of 54 more
valves and associated equipment (i.e., valve funnel assemblies, position switches, and gear/motor-
operators).

Options 2 and 3 were based on the elimination of the gear-operators on the manual valves in the valve
pits. Option 2 used the new all two-way valve arrangements and changed the gear/motor-operators to
T-handles. As seen from Table 4-1, this affected 45 2-in. valves and 72 3-in. valves in the valve pits.
Option 3 was based on the CDR configuration that utilized both two- and three-way valves and changed
the gear/motor-operators to T-handles on the two-way valves only. Again using Table 4-1, this affected
20 2-in, valves and 29 3-in. valves in the valve pits.

In addition to the 3-in. three-way valve retrieved from a canceled project (See Section 4.1), two surplus
3-in. two-way Worcester Controls valves were obtained. These valves had PEEK seats that would
support the radiation requirements stated in the procurement specification. However, Worcester
Controls would modify one of the valves to see if they could reduce the operating torque to 80 ft-1bs or
less. As with the three-way valve, the modification to this valve could not be completed prior to the end
of ACD, therefore, it will be tested with all of the other three-way valves in definitive design. The
purpose of this test will be only to demonstrate that a torque of 80 fi-lbs is achievable on a 3-in. two-way
valve with PEEK seats. If the testing is successful, it will then be assumed that other vendors could
meet this torque requirement on the two-way valves and it will be placed in the final procurement
specification. The second two-way valve obtained will be used to provide an initial benchmark on how
much reduction in the torque can be obtained.

5.0 CONCLUSIONS AND RECOMMENDATIONS
5.1 Subtask 1 - Evaluation and Test

As stated in the earlier discussions, the ACD schedule does not allow enough time for a detailed
evaluation of the two-way and three-way valves. However, with the functions and requirements
determined and provided in the procurement specification, testing can began at the start of definitive
design. In discussion with various vendors, it is highly likely that the leaking stem and seat issues would
be eliminated, and that torque values will be reduced to manageable values. It appears that the leaking
stem was due to the stem design on the valves procured by Project W-314. To keep others from using a
similar design, the procurement specification provided includes a statement that the valve stem could see
a lateral load. The leaking seats and high torques are again somewhat unique to the valve design used
by Project W-314, however, it should be noted that the vendor for Project W-314 has also made
modifications to their design to eliminate these issues. For Project W-521, there will be no cost change
to the CDR baseline due to the elimination of these issues.
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5.2 Subtask 2 - Two-Way Valve Investigation

The resulting cost estimate analysis showed that for Option 1, there would be an increase in cost to the
CDR baseline of approximately $2,700,000 to use all two-way valves. Assuming the valve pit operators
could be eliminated for the two-way valves, there would be a decrease in cost to the CDR baseline of
approximately $990,000 for Option 2 versus a decrease in cost to the CDR baseline of approximately
$1,550,000 with the CDR pit configuration Option 3.

As shown in the estimate analysis, the change to two-way valves would be financially beneficial only if
the manual “T-handles” could be used. If the T-handles cannot be used, it would only be beneficial to
use all two-way valves if the increase in initial cost would be worth the reduced ease/risk in the
operator’s ability to ensure proper valve alignment. In addition, the increase in the risk of plugging the
transfer routing due to the additional dead leg pockets must be taken into account.

It is recommended that Project W-521 stay with the three-way valve configurations developed in the
CDR for the following reasons:

1. One three-way valve will eliminate the need for three two-way valves. To minimize the
“pockets” using two-way valves, each three-way valve would need to be replaced with three
two-way valves. This would create complex pit arrangements that require many jumpers that
have fitting-to-fitting connections. This type of jumper is very rigid which tends to lead to high
thermal stresses and large loads being transferred to the pit nozzles.

2. The issues that prompted this valve type analysis can be eliminated. Three-way valves are
commonly used in other commercial and nuclear industries without leaking seats and stems. In
addition, preliminary results with modifying the seats indicate that reasonable torques can be
achieved. Fmally, with local and remote position indicators on all valves, operators should not
have a problem with positioning the three-way valves.

At this time, there will be no change made to the CDR estimate. The cost savings shown by Option 3
are contingent upon testing of the valves and it is not known at this time if a low enough torque will be
achievable to eliminate the CDR gear/motor-operators on the two-way valves.

5.3 Cost

Although no change will be made to the CDR estimate at this time, the cost reduction associated with
Option 3 1s shown in Table 5-1, and is included in the overall trended estimate.

[

Table 5-1. Cost

VALVE TYPE ANALYSIS (OPTION #3) - REDUCTION-FROM CDR

BASE COST| 0DC'S MU &CM PM oo TITLEH | 53U & OPS EXP STARTUP |SITE ALLOC] ESCAL CONT

-8402,136 | -$75,269 |-$161,701 | -$31,955 | -$76,693 { -$52,726 | -$10,865 | -$76,693 | -$31.955 [-$144,140 |-$215,742 | -5265,646
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1.0 SCOPE

The specification provides minimum requirements for three-way ball valve assemblies to be used as
diversion valves in radioactive liquid waste process piping. This specification is for the procurement of
one valve to be tested by the Buyer to select a valve supplier(s) for all of the process valves to be used
for the Waste Feed Delivery Systems. Testing by the Buyer will verify conformance to this
specification. All suppliers that meet these requirements will be asked to bid on the procurement of the
remaining project valves pending the start of the project, however, acceptance by the Buyer will not
guarantee further procurement.

1.1 Work Included
Fabrication, inspection, testing, documentation, packaging, and shipment.
1.2 Work Not Included

Site services.

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent designated, except as modified
by the requirements specified herein. The latest edition with addenda shall be used unless noted
otherwise.

2.1 Code and Standards

2.1.1 American Society of Mechanical Engineers (ASME)

Bi16.10 Face-to-Face and End-to-End Dimensions of Valves
B16.34 Valves - Flanged, Threaded and Welding End
B31.3 Process Piping

2.1.2 American Society of Testing and Materials (ASTM)

o A3l2 Standard Specification for Seamless and Welded Austenitic Stainless Steel
Pipes

>

2.1.3 American Petroleum Institute (API)

e Standard 598 Valve Inspection and Testing

HND Team Pagel
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3.0 REQUIREMENTS
3.1 Valve Description
The three-way ball valve shall be side entry, 180° operation, with a T-port ball option. The valve shall

be designed for diverting flow and for manual operation through a drive mechanism located
approximately 6 feet above the valve. A typical valve installation is shown in Figure 3-1.

VALVE
ACTUATOR

~ 1
. ~6 FEET 1 1 GRADE

=1L

1
GUIDE FUNNEL 11
ATTACHED TO
VALVE STEM

g
g

DAME SHAFT op 3-WAY BALL VALVE, :
b PART OF JUMPER i
Figure 3-1. Typical Valve Installation.
3.2 Fluid Composition and Properties

The valve shall be caﬁable of handling fluids with the chemical composition shown in Table 3-1 and the
following properties:

Range

Liquid Density 76 to 91 1b/ft> (1.21 to 1.46 kg/L)

Liquid Viscosity 1.0to 10cP

Solids Density 156 to 187 1b/ft* (2.50 to 3.00 kg/L)

Solids Mean Diameter 40 to 400 pm '

Solids Volume Percent 10to 30 %

Temperature (Transfer) 50 to 200 °F

Ph 7 to 13+

Radiation 6 x 107 Rad (Total Lifetime Accumulated
Dose)

HND Team Page 2

A-24




RPP-7069, REVISION 0

PROCUREMENT SPECIFICATION FOR TEST VALVES FOR Report No. 990920203-009, Rev. 0
PROJECT W-521, WASTE FEED DELIVERY SYSTEMS September 2000

Table 3-1. Fluid Chemical Composition

Constituent Concentration (M)
NaOH 0 to 2.5 (generally 1.0)
NaAlIO, 010 2.0
NaNQ, 010 3.0
NaNO; 0t04.0 .
Na,CO4 010 0.5
Na;PO, 0to 1.0
Na,S0, 0to 1.0
NaF 010 0.2
Total Na* <5.5

3.3 Environmental Conditions

The valve assembly shall be capable of operating in the following environmental conditions:

e Ambient Air Temperature Range: 120°F to -32°F with a maximum 24 hour differential
of 52°F
e Relative Humidity: 0 to 100 percent

3.4 Material Requirements
3.4.1 All materials shall meet the requirements specified in ASME B16.34.

3.4.2 All materials shall be selected by the Seller based on acceptable performance when subjected to
the chemical and radiation exposures provided in Section 3.2. Material selection shall be
identified within the design review data for Buyer review. Material identification shall include
the applicable ASTM specification number and any proposed supplementary feature that is listed
as optional in the ASTM specifications.

3.4.3 All elastomers (e.g., seats, seals, and packing) used shall be approved by the Buyer. Chemical
and physical properties and the elastomers shall be suitable for the chemical and radiation
environment in which they are used. A letter of certification shall be provided listing the
chemical, radiological, and physical properties and affirming that seat, seal, and packing
materials are resistant to the environment in which the assembly will be used (Para 3.2).

3.4.4 Valve body bolt materials shall match the valve body (i.e., Stainless steel valves shall have
stainless steel bolts.).

3.5 Design Requirements

3.5.1 The valve shall be furnished fully assembled.
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3.5.2 The valve shall be side entry.

3.5.3 The valve shall support a hydrostatic pressure test of 675 psig.

3.5.4 The valve shall be a rigid assembly such that any piping loads on the valve will be carried by the
valve body and not the seals. Valves with adjustable seals or valves with pipe ends that do not
form a metal-to-metal seal with the valve body are not acceptable.

3.5.5 The valve shall be designed to operate for at least 1000 cycles over a 12-year design life.

3.5.6 The valve body shall meet the requirements of ASME B31.3 and ASME B16.34 for a minimum
working pressure of 450 psig at 200 °F.

3.5.7 The valve shall be furnished with butt weld ends suitable for welding to Schedule 408 pipe
(ASTM A 312 TP 304L) in accordance with ASME B31.3 and with end-to-end dimensions in
accordance with ASME B16.10.

3.5.8 The valve seats shall seal against leakage in either direction against 1 psig to 450 psig entering
pressure and O psig exit pressure. The valve shall have no visible leakage per the requirements
of API Standard 598. The test shall be repeated with a test duration time of 10 minutes. The
leakage rate shall be less than 12 drops per minute as defined in API Standard 598.

3.5.9 The valve ball shall be full port and shall support the flow pattern indicated in Figure 3-2.

' o 90 180°
N i s
Figure 3-2. Required Flow Pattern.

3.5.10 The valve stem shall be able to support a lateral loading of 10 lbs being applied to the top of the
stem.

3.6 Fabrication Requirements

3.6.1 The valve shall be fabricated and assembled in accordance with ASME B16.34.
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3.6.2 The valves assembly shall be subject to a closure test performed in accordance with paragraph
7.2 of ASME B16.34.

3.6.3 The valves shall be provided with stops. The stops shall be designed to resist failure due to shear
(i.e., rolled pins are not acceptable).

3.6.4 The required breakaway torque shall not exceed 3500 Ib-in after a period of stagnant position of
up to six months. A written statement shall be provided affirming that this value will not be
exceeded.

3.6.5 Do not paint corrosion-resistant steel surfaces.

3.6.6 Galvanized surface finishes are unacceptable.

3.7 Markings

The valve shall be marked per the requirements of ASME B16.34. In addition, the valve shall be
identified by either a wired or permanently attached stainless steel tag stamped with the following data:

e Valve design pressure.

Valve design temperature.
e Trim material.

Seat and seal matenial.

®  Year manufactured.
3.8 Cleaning Requirements

The valve internal and external surfaces shall be cleaned in accordance with the manufacturer’s
standard.

3.9 Inspection/Examination

A shell and valve closure test shall be performed on the valve in accordance with ASME B16.34, with
no visible leakage per the requirements of API Standard 598. The closure test shall be repeated for a test
duration time of 10 minutes with less than 12 drops per minute of leakage as defined in API Standard
598. Testing shall be documented.
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4.0 QUALITY ASSURANCE REQUIREMENTS

Manufacturer’s standard. No suspect fasteners as identified in Figure 4-1 shall be used.

/, NO MANUFACTURER'S MARKING —\\
ST
ALL GRADE 5 AND GRADE 8 WITH NO MANUFACTURING 1.D. ARE
TO BE CONSIDERED IN THIS CATEGORY; IE., SUSPECT.

GRADE 5 FASTENERS

e S & <)
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- <) =
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= <) - =)
' ‘ﬂ.
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GRADE 8 FASTENERS

(ﬁl’ (“‘

[~ \
A 2
{7 A\
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), HOLLOW (GREATER THAN 1/2 INCH DIA)
¥ TRIANGLE

s, o

GRADE 8.2 FASTENERS ASTM GRADE A325 FASTENERS

|

OTHER SUSPECT GRADED FASTENERS

6 Y

@
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=
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(NOT MADE BY U.S. MANUFACTURERS}) T
7 N
A A
WACD OR UNIVERSAL  LAWRENCE ENGINEERING
\ INFASCO FASTENERS & SUPPLY, INC. )

Figure 4-1. Suspect Fastener Headmark List.
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5,0 SUBMITTALS
See Table 5-1 for number of copies, purpose, and when required.
5.1 General

¢ Identify each submittal by this Specification number, item number, PO number, and Seller’s
identification number.

o Data shall be sufficiently clear to allow legible copies to be made on standard reproductlon
equipment after microfilming.

s Approval by the Buyer does not relieve the Seller of responsibility for accuracy or adequacy of
design under this Specification.

o Submittals “not requiring approval” will be reviewed to verify completeness and adequacy for
their intended purposes. Unacceptable items will be handled as specified below:

e A submittal requiring approval that is not approved, is identified as: 1). “Not Approved Revise
and Resubmit.” The submittal is considered technically deficient, or incomplete, and therefore
unacceptable. Resubmittal is required, hence fabrication, procurement, or performance of
procedures shall not proceed; 2) “Approved with Exception.” Fabrication, procurement, and
performance of procedures may proceed, and resubmittal is required to verify incorporation of
the exception.

» Submittals “not requiring approval” that are determined to be incomplete or inadequate will be
returned marked “Resubmit.” An explanation of the deficiencies will be included for corrective

action by the Seller.

o Seller may take exception to any Specification requirement. Identify exception and obtain
Buyer’s approval before implementation.

5.2 List
¢ (Item 1) Valve assembly drawings with dimensions and weight.
o (Item 2) Valve material lists. .
e (Item 3) Hydrostatic/leak test documentation (Paragraphs 3.5.8 and 3.9).

e (Item 4) As-builts of drawings.
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(Item 5) Material Safety Data Sheets (MSDS) for hazardous materials. If hazardous materials
are not used, provide written statement to that effect. (This item only required for final
procurement.)

(Item 6) Certificate of Conformance for other materials (Paragraph 3.4.3). (This item only
required for final procurement.)

" (Item 7) Breakaway Torque Statement (Paragraph 3.6.4). (This item only required for final

procurement. )
(Item 8) Installation instructions,

(Item 9) Operation and maintenance manuals.

6.0 PREPARATION FOR DELIVERY

Preservation: Item shall be protected from dirt, soil, and moisture.

Packaging: Item shall be boxed or crated in 2 manner to prevent damage during shipping.
Marking: Packages shall be suitably marked on the outside to facilitate identification of the
purchase order, the procurement specification, the package contents, and any special handling

instructions.

The Seller shall recommend the preferred method of shipping and provide protection of the
equipment during transit and storage.
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Table 5-1. Summary of Submittals
Item Title Copies Purpose When Required

1 Valve Drawings 3 Approval Before purchase

2 | Valve Material Lists 3 Approval Before purchase

3 | Hydrostatic/Leak Test Data 3 Vendor With shipment
Information

4 | As-Built Drawings 3 Vendor With shipment
Information

5 | Material Safety Data Sheets 3* Vendor With shipment
Information

6 | Certificate of Conformance 3% Vendor With shipment
Information

7 | Breakaway Torque Statement 3* Vendor With shipment
Information

8 | Installation Instructions 3 Vendor With shipment
Information

9 | Operations and Maintenance Manuals 3 Vendor With shipment
Information

NOTE: days shown are calendar days.

*Only required for final procurement.
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END OF TEXT

Source of Supply:

1.

Worcester Controls
Woodinville, WA
(425)481-9078

Attn: Steve Williams

SVF Flow Controls, Inc.
Timberline Process & Controls, Inc.
North Bend, WA

(425)888-3335

Attn: Randy Tweten

KITZ Corporation

Timberline Process & Controls, Inc.
North Bend, WA

(425)888-3335

Attn: Randy Tweten

PBM, Inc.

Tourangeau Nor Wes Corporation
Tualtin, OR

(503)691-6100

Attn: Wayne Eads

For information only
Not part of document
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API American Petroleum Institute

ASME American Society of Mechanical Engineers

NIST Natjonal Institute of Standards and Technology
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1.0 INTRODUCTION

This test plan establishes test methods, performance requirements, and applicable codes and standards
for onsite valve testing for the valve type analysis activity included within the scope of the Project
W-521 Advanced Conceptual Design.

Project W-521 has selected common two-way and three-way valves from commercial sources for use in
tank farm waste transfer systems. Issues have been raised, based on tank farm operating experiences,
concerning valve operability and reliability in a tank farm environment. This test plan will provide input
to a valve test program evaluating available valves with the intent of making recommendations as to the
most appropriate valves to be used by Project W-521 and other projects.

2.0 SCOPE

This test plan is applicable to valves obtained from the Project W-521, Waste Feed Delivery Project
Procurement Specification for Test Valves. The scope of this test plan is limited to testing of selected
key operating parameters that directly affect operability and reliability in a tank farm environment.
Specifically, seat leakage, stem leakage, and operating torque for tank farm valves have been an ongoing
concern.

This test plan will identify all key technical parameters required for each test; acceptance criteria based
on valve and system design requirements; facilities, equipment, and materials; and the responsibilities of
organizations involved in the testing. Although testing is limited to three-way valves, it is expected that
results will be applicable also to two-way valves.

3.0 GENERAL INFORMATION
3.1 Test Items

The valves to be tested according to this test plan are 3-inch, three-way ball valves obtained from
commercial sources in response to the Project W-521, Waste Feed Delivery Project Procurement
Specification for Test Valves. The valves are intended for diverting flow and shut-off or isolation
service in a tank farm environment. The valves will be furnished fully assembled. Specific material and
performance requirements are identified in the procurement specification.

'\.

3.2 Facilities and Equipment

All testing will be performed at the testing organization’s facilities. The following test equipment will
be necessary to perform the tests identified in this test plan:

* A test stand for holding 3-inch ball valves during testing.
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A-39




RPP-7069, REVISION 0

VALVE TEST PLAN FOR PROJECT W-521, Report No. 990920203-008, Rev. 0
WASTE FEED DELIVERY SYSTEMS September 2000

Closure devices (e.g., bolted flanges, threaded plugs) for the valve ports. Alternately, the closure
devices will provide a pressure boundary during pressure testing, a vent path to atmosphere
during seat leakage testing, a means to relieve air from the valve internals, and a means to
connect the test pump assembly to the valve.

A test pump assembly for filling, venting, and pressurizing the valve. The assembly will include
a volumetric device, calibrated in milliliters/hour, for measuring seat leakage. A means to
positively isolate (e.g., quick disconnect, two closed valves with an open vent path between the
valves) the water source during seat leakage testing will be provided.

A test adaptor and means to apply a measured lateral force to the valve stem during the Stem
Leakage Test.

A calibrated torque wrench for measuring valve operating torques up to 4000 in-lbs.

3.3 Quality Assurance

Valve testing specified in this test plan shall be performed according to written procedures that comply
with this test plan, referenced codes and standards, and applicable site procedures for technical
procedures.

Valve disassembly and reassembly shall be performed according to written procedures that comply with
valve manufacturer recommendations and appropriate site procedures. The extent of valve disassembly
will be limited to that performed during normal installation of the valve in a valve/jumper manifold.

All test equipment shall have been calibrated prior to testing with devices of accuracy traceable to the
National Institute of Standards and Technology (NIST).

3.4 Organization and Functional Responsibilities

3.4.1 Design Agent
» The Design Agent will coordinate with the testing organization to assist development of test
procedures.
e The Design Agent will review and approve the test procedures. _
» The Design Agent will witness selected tests as determined necessary by the Design Agent.
» The Design Agent will review, analyze, and approve test results to verify acceptability of the
valve being tested.
HND Team Page 2
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» The Design Agent will provide test deficiency resolution and oversee troubleshooting of
technical problems.

e The Design Agent has sole responsibility for controlling and modifying this test plan.
3.4.2 Testing Organization

+ The testing organization is responsible to ensure that testing is performed according to this test
plan, referenced codes and standards, and applicable site procedures.

» The testing organization will prepare written test procedures according to their applicable site
procedures and this test plan.

» The testing organization is responsible for providing all test equipment and for the adequacy and
accuracy of test equipment.

+ The testing organization will implement appropriate test methods and controls, assure that the
specified tests and inspections are completed satisfactorily, and document test results and any
test deficiencies according to this test plan and applicable site procedures.

s The testing organization will provide adequate notification and access to the test facility to allow
the Design Agent to witness testing.

3.5 Schedule

The testing organization shall provide the Design Agent five (5) working day’s notice prior to the
specified valve testing.

4.0 DESCRIPTION OF TESTS

4,1 Stem Leakage Test

4.1.1 Objective

The Stem Leakage Test will demonstrate stem seal tightness at the specified test pressure. Stem seal
tightness will be verified with and without a lateral force applied to the valve stem. The lateral force is

meant to simulate actual conditions that could be applied to a valve being operated with an extension
handle through a pit cover block.
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4.1.2 Criteria and Constraints

1. The Stem Leakage Test will be performed with and without a lateral force of 10 lbs applied to
the top of the valve stem. This will simulate a valve extension handle being off true and placing
a force on the stem.

2. The test fluid shall be water. If a corrosion inhibitor is used, it shall comply with Section 7.1 of
American Society of Mechanical Engineers (ASME) B16.34.

3. The test pressure shall be not less than 150 percent of the 450 psig design pressure (i.e., 675
psig).

4. The duration of each stem leakage test shall be not less than 60 seconds. The test duration is the
inspection period after the valve is fully prepared and full test pressure has been applied to the
valve.

5. The Stem leakage Test will be performed with the valve in the 0° and 180° positions.
4.1.3 Data
The following data and/or test parameters shall be included or recorded in the test procedure: valve type,
serial number, manufacturer, seat material, body and ball material; test fluid type and temperature, test
pressure, test duration, the lateral force applied to the top of the stem, and whether leakage was

observed. The test director shall identify whether the test was satisfactory and any actions (e.g., valve
cycling) performed to obtain satisfactory results.

4.1.4 Expected Results
The valves being tested are new and no leakage should be visible from the stem seals. Therefore, the
acceptance criteria for a satisfactory test shall be no visible leakage from the stem seals after 60 seconds
with the valve pressurized to 150 percent of the design pressure.
4.1.5 Procedure Outline

1. Install the valve in a test stand.

2. Cycle the valve a minimum of 3 times. _

3. Fill the valve with test fluid. Provide a vent path to relieve air from the valve while filling the

valve.

4. Position the valve in the 0° or 180° position.

5. Pressurize the valve and check the stem seal for leakage.
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6. Place an extension on the valve stem so that the lateral load can be applied at a distance of at

least 6-inches from the top of the valve.

7. Apply a force of approximately 10 1bs at a distance of 6-inches from the top of the valve.

8. Check the stem seal for leakage.

9. If stem leakage is unsatisfactory, the valve may be cycled and the test repeated.

10. Repeat the Stem Leakage Test with the valve positioned in the 180° position.

4.2 Seal Closure Test

4.2.1 Objective

The Seat Closure Test will demonstrate adequate valve seat tightness at the specified test pressure. Seat
tightness will be verified with the 3-way ball valve in all possible positions and with test pressure
applied successively to all sides of the valve (ball) as identified in Figure 4-1.
Test Configuration #1 Test Configuration #2
Flow path through valve.
Valve body
Apply test ) ﬂ;‘f‘f’“ Spen <— Apply teat
presaure hers, - {:m:;::: sphare. pressurs hars.
This port open
This pori biocked. o atmosphere.
Test Configuration #3 Test Configuration #4
Apply test —p A@— Thia port This pori open —@— This port opsn
pressurs hare. blocked. to stmosphara. to mimesphers.
This port opan T
16 atmosphers,
Apply teat
prassure here.
Test Configuration #5 Test Configuration #5
i @"—m‘ﬁ“ ,,..:3:.'”;:,:*.—"@- ek
This pont blocked. ;L"‘:“f;:p‘::""_
Figure 4-1. Seat Closure Test Configurations.
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4.2.2 Criteria and Constraints

1. The Seat Closure Tests are performed according to test methods identified in ASME B16.34,
American Petroleum Institute (API) Standard 598, and this test plan.

2. The test fluid shall be water. If a corrosion inhibitor is used, it shall comply with Section 7.1 of
ASME B16.34.

3. The test pressure shall be not less than 150 percent of the 450 psig design pressure (i.e., 675
psig).

4, The duration of each seat leakage test shall be not less than 10 minutes. The test duration is the
inspection period after the valve is fully prepared and full test pressure has been applied to the
valve.

5. Test pressure shall be applied successively on each side of the valve with the other side(s) open

to the atmosphere. Leakage is checked with a volumetric device on the pump suction or at the
opposite (open) valve port(s). The test shall be performed with the 3-way valve in all possible
positions. These configurations are illustrated in Figure 4-1.

6. A volumetric device, calibrated in ml/hour, is the preferred method of leakage detection.
Pressure decay devices will not be used for leakage detection.

7. The allowable leak rate shall be achieved with the valve position approximately 5 degrees from
each position stop. This is to simulate field conditions were the position indication can be off by
+5° of the actual valve stop.

4.2.3 Data

The following data and/or test parameters shall be included or recorded in the test procedure: valve type,
serial number, manufacturer, seat material, body and ball material; test fluid type and temperature, test
pressure, test duration, and measured leak rate. The test configuration as illustrated in Figure 4-1 will
also be identified. The test director shall identify whether the test was satisfactory and any actions (e.g.,
valve cycling, valve seat flushing) performed to obtain satisfactory results.

4.2.4 Expected Results _
The maximum allowable leakage rate per API Standard 598 is O ml/hr. That is, there shall be no visible
leakage for the minimum specified test duration.
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4.2.5 Procedure Qutline
1. Install the valve in a test stand.
2. Cycle the valve a minimum of 1000 times.
3. Establish a test configuration illustrated in Figure 4-1.

4. Position the valve approximately 5 degrees off (from) the valve position stop. (Note: This is not
applicable when the valve is being tested in the middle position.)

5. Fill the valve with test fluid. Provide a vent path to relieve air from the valve while filling the
valve.

6. Pressunize the valve and check for leakage. Record leakage.

7. Cycle the valve 100 times recording the leakage rate after every 10 cycles.

8. Repeat the Seat Closure Test for each configuration illustrated in Figure 4-1.

9. Ensure the pre-disassembly Operating Torque Tests have been completed.

10. Disassemble and reassemble the valve per approved procedures. Each valve will be
disassembled once; it is not necessary to disassemble the valve before each test (i.e., Seat
Closure Test and Operating Torque Test).

11. Repeat the Seat Closure Test.

4.3 Operating Torque Test

4.3.1 Objective

The Operating Torque Test will demonstrate that the torque required to operate the valve is acceptable.
The valve will be operated multiple times and the measured operating torque compared to manufacturer
data and criteria from the valve procurement specification.

4.3.2 Criteria and Constraints _

1. The valve will be filled with water for the Operating Torque Test. If a corrosion inhibitor is
used, it shall comply with Section 7.1 of ASME B16.34.
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4.3.3 Data

The following data and/or test parameters shall be included or recorded in the test procedure: valve type,
serial number, manufacturer, seat material, body and ball material; test fluid type and temperature,
vendor torque specifications if any, and measured breakaway and operating torque.

4.3.4 Expected Results

The valves being tested are new and the expected operating torque should be within vendor and
procurement specification criteria.

4.3.5 Procedure Outline
1. Install the valve in a test stand.
2. Cycle the valve a minimum of 3 times.

3. Cycle the valve an additional 10 times. Measure and record the torque required to operate the
valve in each direction.

4. Fill the valve with test fluid.

5. Cycle the valve an additional 10 times. Measure and record the torque required to operate the
valve in each direction.

6. Let the valve stand for a period of time to be determined by the Design Agent (i.e., one to two
weeks).

7. Repeat the Operating Torque Test.

8. Ensure the pre-disassembly Stem Leakage Test and Seat Closure Tests have been coml;leted

9. Disassemble and reassemble the valve per approved procedures. Each valve will be
disassembled once; it is not necessary to disassemble the valve before each test (i.e., Seat

Closure Test and Operating Torque Test).

10. Repeat the Operating Torque Test.

5.0 REPORTS

Test results will be documented in letter report and/or test report prepared by the Design Agent.
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1.0 INTRODUCTION

This analysis was prepared as a part of the Advanced Conceptual Design for Project W-521. One
element of the project involves the use of mixer pumps to mobilize solids in the tank and agitate the tank
contents to produce a uniform mixture.

It has been determined through previous analysis that a configuration using two mixer pumps
(approximately 300 hp each) is the best method to accomplish tank mixing. The mixer pumps use
opposing horizontal exit jets that slowly rotate about the pump’s vertical axis. The jet force criteria have
been provided to the project as the product of the mixer pump nozzle exit velocity and the nozzle
diameter (termed UpD). A UyD value of 29.4 fi*/s has been established. Typically, 6-in. nozzles are
specified with a resulting exit velocity of approximately 59 ft/sec. Due to the high energy discharged
from the pumps, care must be taken to ensure that the jets do not produce excessive forces on other in-

{tank components.

Concemn exists from previous analysis and testing that has prompted study of the resulting forces in
tanks from mixer pump operation. The major areas of concern for the forces arising from mixer pump
operations include: 1) the damaging effect of the forces on operating components, 2) the resulting
permanent damage to equipment that will affect future operations (i.e. thermocouple tree bending or
breaking so as to prohibit removal and possibly cause interference with other in-tank component
operation), and 3) resulting damage to the tank structure itself (i.e., moment arm or fatigue breaking of a
riser or tank weld).

1.1  Purpose

This evaluation addresses the issues associated with forces applied to tanks and equipment within the
scope of Project W-521 due to mixer pump installation.

The purpose of this analysis is to assure that the project mission is not adversely affected by mixer pump
operation. This task is accomplished by evaluating the equipment that is in close proximity to the
pumps for any detrimental stresses and fatigue caused by the force of the jet stream from the nozzle.
Mixer pump impingement forces experienced by in-tank components are analyzed to establish, at a
conservative conceptual level, the components that require removal or special operational controls.
Forces on the tank walls and on components near the tank walls are analyzed as well to ensure that tank
integrity is maintained.

1.2 Scope

The scope of this task is to evaluate existing and new equipment to be installed by Project W-521 in
tanks AW-101, AW-103, AW-104, AY-101, AY-102, SY-101, SY-102, and SY-103. Within scope is
any item that extends below the tank waste level that could be affected by mixer pump operation.
Components evaluated include transfer pumps, temperature trees, multi-function instrument trees
(MITs), velocity density temperature trees (VDTTs), air-lift circulators (ALCs), and drain pipes.

HND Team Page 1
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20 METHODOLOGY

The approaches used to identify potentially affected tank components and analyze the risks to each are
as follows:

o Components that currently are, or are planned to be, installed in each tank riser are identified.
For each component, critical physical characteristics and needed analytical parameters are
established.

. A determination is made as to which components can be eliminated from detailed analysis based

upon previous analyses and proximity of like components.

. Impingement force yield stress, plastic hinge deflection, and fatigue analyses are performed on
identified components in order to:

- Estimate potential yield forces experienced by in-tank equipment,
- Estimate potential plastic hinge deflection values for equipment,
— Estimate fatigue failure for equipment, and

— Determine the allowable forces for the various components,

. Components that may be vulnerable to excessive stress are identified and a determination is
made to:

— Identify the equipment that may require removal or replacement, and
— Identify potential controls (i.e. pump operating speed) necessary to mitigate the effects of
the jet forces.

3.0 ASSUMPTIONS

The overall assumptions made for this evaluation are based primarily upon past impingement force
analyses [HNF-SD-W151-DA-008, Evaluation of the Effect of Project W-151 Mixer Pump Jets on In-
Tank Equipment Considering Potential Sludge Build-up on Equipment in Waste Tank 241-AZ-101,
Hanford Site, Washington (Julyk 1997] performed on AZ-101 tank components.

The assumptions are as follows:

. The basic force developed on the components from mixer pump operatibn is the drag force on a
solid body in a flowing fluid with uniform distribution as assumed in the Julyk (1997) report.

. A 3.5-in. radial sludge buildup layer is appropriate to addition in equipment diameter for
purposes of diameter calculations. This value was chosen from the Julyk (1997) report that
analyzed several components in tank AZ-101 for force effects based on mixer pump operation.

HND Team Page 2




PR A L

L AN

SR A

T
AT

e

i ] A8 e F R e

PR

Sy g S 3

i

RPP-7069, REVISION 0

MIXER PUMP IMPINGEMENT FORCE Report No. 990920203-015, Rev. 0
ON IN-TANK EQUIPMENT September 2000

This report stated that AZ-101 thermocouple sludge thickness did not exceed 2.5-in.; however,
3.5-in. was used as a conservative value.

. Appropriate flow rates were estimated at 70 percent and 100 percent pump speeds as estimated
by a pump manufacturer. This assumption was necessary since final pump curves will not be
available until the pump is procured per specifications prepared in the Definitive Design phase of
this project. At that time the 70 percent pump speed and associated flow rate should be reviewed
and these calculations revised to provide a final determination of the operational controls that
may be necessary to minimize the effects from impingement forces.

. The ALC thermowells are all anchored at the bottom of the ALC, as indicated on construction
drawings, thus creating a moment arm of approximately 27-in.

. The AISC allowable yield value of 0.66*Sy for A53, Grade A carbon steel is acceptable as the
allowable stress for critical equipment which is required to remain undamaged during and after
mixing. The yield stress, Sy, is used to calculate the maximum allowable force for components
that will not be operational during mixing activities and will not have an adverse effect on
operations or project activities if slightly bent.

. Calculations based on static analysis, with dynamic load factors applied to allowable stress
values, are acceptable.

o Similar mixer pump components and characteristics, such as the expected equivalent nozzle
parameters (exit velocity and nozzle diameter, U,D, = 29.4 ft%/s and 6-in.) as well as general
mixer pump properties, are acceptable for all tanks.

. Worst-case waste properties are a waste viscosity of 30 centipoise and density of 1.4 g/cm’.
. Two, three hundred horsepower mixer pumps will be installed in all tanks.
. The dynamic factor applied and the values of force used conservatively accommodate the vortex

forces and the uplift on the component discussed in other analyses.

4.0 DISCUSSION

Julyk (1997) predicted the mixer pump impingement forces and deflections experienced by equipment
in tank AZ-101. Early in 2000, mixer pumps were tested in the AZ-101 tank, and the in-tank camera
observed expected deflection of the drywell in riser 14A, indirectly confirming the prediction made by
the report. This verified correlation was used as the basis for analysis in this report.

The AZ-101 analysis was performed on a tank with approximately 15-in. of solids on the tank bottom.
It was fully inserted into the tank and operated. However, tanks within the scope of Project W-521 have
residual solids levels much higher, with some projected to have sludge as deep as 125-in. Figure 4-1
provides a sectional representation of tank AY-101 with a high solids level. Past experience with the
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installation of mixer pumps into deep sludges at the Savannah River Site confirmed that pumps should
not be fully inserted into the solids and then started. The sludge can block and plug the pump suction.
As a result, it has been determined that the pumps will be lowered into the tank until their suction is
slightly above the sludge and then run in that position until a radius has been cleared around the pump.
The pump will then be lowered until its suction approaches the sludge and run again. This process will
be repeated until the pump is fully inserted. Thus, this analysis must consider the impact on tank
components as it is being incrementally lowered into the solids level.

4.1 Component Identification

Appendix A includes a listing of the tank components, locations, and distances from the component to
the mixer pump jet. It was decided to analyze all components in the tanks that could cause a detrimental
affect on the mixing and pumping operations due to exceeded yield stress or plastic hinge deflection
limit loads. These components were analyzed based on their ability to deflect significantly thus
impacting other components, disturb the tank walls, deflect so that they cannot be removed, or deflect so
that operation becomes impaired.

Figure 4-1 is a typical section of a mixer pump installed in a tank. Figures 4-2 through 4-9 show all
subject tanks with components of concern located. Components that are to be removed from the tanks
for reasons other than mixer pump impingement forces (1.e., riser needed for another component) are not
shown. From the commonality between equipment and the similar or bounding installed locations
within the tank, conclusions are drawn with respect to identification of components requiring analysis.
A discussion of the analyzed components is contained in section 4.2.2.

4.2  Analysis Approach

This analysis is based on the approach developed in Julyk (1997) which presents a model for the
relationship of a constant drag force applied to submerged tank components (cylindrical pipes or tank
walls} as a function of distance from the nozzle exit of a pump. The developed relationships are
dependent on known or assumed fluid properties (density, specific gravity, viscosity), pump
characteristics (nozzle exit velocity, nozzle exit diameter, rotating rpm), and submerged component
configuration (distance, diameter). This analysis uses the same equations for drag force and plastic
hinge deflection that were used to analyze the components in the AZ-101 tanks. It applies to all
components in the scope of Project W-521.

For the purpose of this conceptual analysis, calculations are not performed to estimate forces due to
increased waste velocity along the tank bottom. This is considered to the adequately covered by
applying the load to components as a point load acting at the bottom end of components rather than at
the nozzle centerline (See Appendix B, Calculation ME-07).
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Figure 4-1. Section and Elevation of Pump Riser in Tank AY-101.
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Figure 4-3. AW-103 Plan View.
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Figure 4-5. Riser Configuration of Tank AY-101.
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4.2.1 Mixer Pump Design Considerations

HNF-4164, Revision 0, Double-Shell Tank Mixer Pump Subsystem Specification (Shaw 2000), specifies
a lower limit on the product of the nozzle exit velocity and diameter, to promote adequate fluid mixing,
in the form of

U,D, =29 4, ft*/s 1)

Where Do is the nozzle diameter and
U, is related to the actual pump flow rate, Q, by

Q = (wU,N/4) D,*CvCr, , gal/min (gpm) ()
Where N = Number of nozzles
Cy = 7.48 gal/ft’

Cr = 60 sec/min
Substituting in U, and solving for D, in terms of Q gives
D, = (4Q)/[r(29.3)NCvCyy] , f (3)
4.2.2 Component Considerations
The following components were analyzed for various reasons as stated:

. The new transfer pumps were analyzed for two sizes that are being considered - an 11” and a
32" because of their close proximity to the mixer pumps. Deflection on the pump shaft might
detrimentally affect the pump operation if the pump is line-shaft driven.

. The new thermocouple trees are necessary for operation.

. The ALC and ALC thermowells are not needed for future operations; however, in some cases,
they are very close to the mixer pumps and could cause a shadowing affect on the mixing
effectiveness or deflect enough to impair mixing operations. ALCs are welded into the AY tanks

so they are not removable.

. The sluice pit drains are welded permanently to the tank structures and are in close proximity to
the mixer pumps.
. Drywells in the AY tanks are in close proximity to mixer pumps and were known to have

impingement force problems in 101-AZ testing.

. The Leak Detection Pit Drain is close to the tank wall and if deflected significantly could impact
the wall.
HND Team Page 10
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. Two Velocity Density Temperature Trees in SY-101 are in close proximity to the mixer pumps.

They are operational but not critical to the future mission.

. The Multi-Function Instrument Temperature Trees (MITs) were relatively close to the mixer
pumps and could deflect significantly.

. The tank wall (located a distance of 15.5 ft. from the pumps) was analyzed to assure that mixer
pumps do not pose a risk to the tank containment system integrity.

Two pump speeds were used for force evaluations. The 70 percent flow value was provided by a pump
manufacturer (Sulzer Pumps) as an estimate and will need to be reviewed after establishment of the final
pump curves. For the 70 percent pump speed, the results are based on an estimated volumetric flow rate
(reduced from 11.54 cu. f/s at full speed to 6.0 cu ft/s as estimated by Sulzer pump manufacturer). This
ratio (52 percent) results in a reduction of U,D, from the design value of 29.4 fi*/sec to 15.29 fi*/sec
based on the assumption that the flow area (and thus D) remains constant, so U, varies proportionately.

Figure 4-1 provides a composite elevation of tank AY-101 at one mixer pump that is representative of
all AY Tanks. As can be seen, the mixer pump nozzle centerline is located 19-in. above the tank
bottom. But, since the mixer pumps will be incrementally lowered while operating (to facilitate
insertion into deep sludges), force analysis was performed on all components with the entire jet force
applied at the maximum bending moment for each component.

Following is a brief summation of the analytical methods used to calculate forces on components and
references. For the detailed calculations, see Appendix B.

4.2.3 Constant Drag Force

The basic equation for the drag force on a solid body in a flowing fluid with uniform distribution is
given by:

Fa='/,p U*A Cy/g.,Ibs (4)
Where:p = fluid density, Ib/ft’

U = Free stream velocity, ft/s

A = Projected area, ft*

C4 = Drag Coefficient, unitless
g. = gravitational conversion factor, 1b,,-ft* /Tbe-s

4.2.4 Jet Free Stream Velocity

The centerline velocity of a free momentum jet in a liquid (unperturbed by, for example, a tank bottom),
at a downstream distance z from the jet discharge, is given by Trent, 1994 as:

Uu(z) =kU,Dy/z, ft/s (5)
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Where,

U, = Jet discharge velocity, ft/s

D, = Jet nozzle discharge diameter, ft

k = The diffusion coefficient for the jet flow unitless

z = Distance from jet discharge to point of reference, ft

The velocity decreases radially from the jet centerline axis (z) and is given by

U(r,z) = Uu(z) exp[-K(r/z)2] = (kU,Do/z) exp{-K(r/z)z], ft/s (6)
Where,
K = Flow momentum constant = 2 k* | unitless (7

The jet discharge velocity, U, can be determined from the actual pump flow rate Q (ft3/s) divided by the
total pump exit nozzle area A, (ft)), or

U, =Q/A,, ft/s (8)
where A, = Nn(Dy/2)? , i (9)
and N = number of pump nozzles.
4.2.5 Radial Flow Distribution

Let Uy = the dimensionless ratio of the local velocity, U(r,z) and the maximum (centerline) jet local
velocity, Ug(z), or

Ur = U(r,2)/Uy(z) , unitless (10)

This gives an effective boundary radius of the nominal jet given by Trent, 1994 and Fargo, 1999 as
Imax(Z) = 2 [-(nURVK]'2 + D,/2 , ft (11)

Where, as before, the flow momentum constant K is defined in terms of the diffusion coefficient to be
K =2k* , unitless Bamberger, 1990 and Fargo, 1999 .' (7

From a practical standpoint, the effective jet radius boundary at a distance z downstream is typically

chosen to be where the velocity ratio Uy is equal to 0.1, or 10% of the maximum jet centerline velocity,
according to Trent, 1994,

HND Team Page 12
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Where v is the kinematic viscosity of the fluid and is equal to the absolute viscosity p divided by the
fluid density p, or,

v=u/p in ft¥/s (12)

In this analysis, the Trent expression for rmax Will be used since this gives the largest radius.

- z !
Ua(ey = LD /

Figure 4-10. Effective Radius.
4.2.6 Drag Force on Vertical Pipe Component
For the condition with a diverging jet flow impinging upon a component, a non-uniform flow exists,

(i.e., where the flow velocity varies with location on the projected area of the component). The equation
for the drag force (1) under these conditions becomes:

Fg=["2 p/gc] JaU*CadA , Ibg (13)

Putting area A of this equation in the terms of the coordinates (horizontal x and vertical y), both
perpendicular to the flow axis direction (z) gives,

Fa=['/2 p/g:] K U(x,y) Ca(x,y) dxdy , Iby (14)

For a component modeled as a pipe of fixed diameter D, this becomes:

Fe= (" pli] Dyl U(y) Caly) dy by (15)

U(y) is the fluid velocity profile along the axis of the pipe and —y to +y are the integration limits for the

impinged pipe length. The pipe diameter is assumed small compared to the variability of the flow
velocity (assumed constant velocity over width of pipe diameter).
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The drag coefficient Cy(y) is a function of Reynolds number, Re(y), which in turn 1s a function of the
local flow velocity U(y), at the pipe component axial location y, or

Re(y) =U(y)Dy/v = pU(y)Dy/p , unitless (16)

4.2.7 Local Flow Velocity at Component

For an in-tank component a fixed distance z, from the nozzle exit, equation (6) becomes
U(r2p) = Uai(zp) exp[-K(172,)’] = [kU,Do/2,] exp[-K(r/z,)] , fi/s 17

For a jet centered on the vertical axis of the component, the maximum drag force is given by
4.2.8 Drag Coefficient

In order to perform the numerical integration, C4(Re) needs to be expressed in a functional form. The
drag coefficient, Ca(Re), is given empirically, Trent, 1994 as a function of the Reynold’s number to be

logio{Ca(Re)] =[0.75 - logi{Re)]{0.5 - tan’1[0.24(log10(Re))]/n} +0.52 +a+b +c (18)

Where a=0.45 exp{-0.32 [logio(Re) - 3.35)} (19)
b = 0.69 exp{-1.40 [logio(Re) — 4.80]*} (20)
c = 0.34 exp{-7.00 {logio(Re) — 5.40]2} 21)

Expression (21) is stated by Trent, 1994 to be accurate to within + 8% over the range of Re from 0.1<
Re < 4x10°. C4(Re) is easily obtained as the anti-log to the base 10 of logjo[Ca(Re)]. This value is then
related to Cy(y) and used in equation (13).

4.2.9 Effect of Sludge Buildup

Within the limits of this analysis, sludge buildup on in-tank components is assumed to be uniform over
the component length within the effective jet flow region. With this assumption, the effect of sludge
buildup is to increase the effective diameter of the pipe.

Tulyk (1997) presents the component effective diameter with sludge buildup as:

D, =D+ 2T =D[1 + Q2T/DJ)], ft (22}

Where T is the assumed uniform sludge buildup thickness in the same units as D, and as before D, is
the clean component diameter.
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4.2.10 Wall Force

The equation for the force on the tank wall for a uniform {constant) velocity distribution is given by
F, = (p/2g;) U? A, by (23)

For a non-uniform velocity distribution [U(r,z)], the equation becomes

Fuo = (p/2g0) [a Ur2)” dA, T (24)
Since A=nr’, ft’ (25)
dA =2m r dr, ft? (26)

Defining rmax to be a function of z 1s [repeated here],

Tmax(Z) = 2 [-(INUR)/K]" + Do/2 , ft (11)

Ur = 0.1, or 10% of maximum to define effective circular flow area boundary.

The equation for F..(z) then becomes

Fu(z) = (np/g.) fzn;}(r,z)z rdr, 1by 27)

Substituting in equation (6) for U(r,z) this becomes

Fu(z) = (np/g)(kUDy/z)? Ior::;;[-zK(r/z)z] rdr , Ibs (28)

This is plotted in the attached calculation (Appendix B) where z is the variable distance from the nozzle

exit to the wall, in feet. It is interesting to note that the force on the wall varies little as a function of z,
within the limits of the calculations, due to conservation of momentum effects.

4.2.11 Yield Stress Analysis

The A53, Grade A carbon steel yield value (Sy) was used for non-critical components. The AISC
allowable (.66 Sy) was used to analyze the components which were critical to the operations or which
were of major concern. This will provide a more conservative approach to critical components while
assuring that non-critical components do not break and fall into the tank, bend to the point that they
cannot be removed, or damage other equipment.

The yield strength calculations are applied using solid cross sectional areas of various diameter carbon
steel pipes while the plastic hinge deflection calculations are applied using the shape cross sectional area
for the respective pipes. Appendix B - Calculation ME-07 presents these results in their entirety.

HND Team Page 15

B-21




RPP-7069, REVISION 0

MIXER PUMP IMPINGEMENT FORCE Report No. 990920203-015, Rev. 0
ON IN-TANK EQUIPMENT September 2000

The specific components of concern are the airlift circulator (ALC) thermowells, sluice pit drains, and
all new thermocouple trees. AY-101 Farm impingement forces were analyzed since they represent the
bounding case for both AY-101 and AY-102. SY-101 bounded several components in the other tanks
and the individual tank components from SY-102 and SY-103 were also analyzed. AW-101
components were the bounding cases for AW-103 and AW-104. The tank wall was analyzed for AY-
101 since the mixer pumps are closest to the wall in that tank. Refer to Figures 4-2 through 4-9 for riser
configurations and component locations in each of the tanks. Section 4.3 summarizes the results of this
analysis.

4.2.12 Plastic Hinge Limit Deflection

The components of concern for this analysis are the equipment that could: 1) impact the tank wall upon
deflection, 2) impact other pieces of equipment that are critical to tank operations, or 3) deflect
significantly and thus reduce their effectiveness. Since very few components exceeded their yield stress
at 70 percent or 100 percent pump speed, the determining criteria became the plastic hinge limit
deflection. This was a slightly more conservative analysis approach than yield stress and used the shape
cross sectional area to compute the forces. All of the components were analyzed for deflection. The
same yield stress values were used as in the yield stress calculations.

The worst-case deflection for each component is presented (typically the shorter distance to one of the
mixer pumps defined the worst case) in Section 4.3. Where the forces from each pump were equally
detrimental, both values were presented.

4.2.13 Fatigue and Cycling Analysis

Fatigue analysis was based on the approach contained in Winkel (1989). Bounding numbers of
rotational cycles nozzle passes, were used with allowable stresses to calculate the maximum force that
each component could endure without failing due to fatigue. Results of this analysis are presented in
Section 4.3.

The yield stresses at the riser flange connections to the components were compared against AISC fatigue
allowable values. The maximum force for each component to reach its allowable cycle limit is detailed
in Appendix B.

From the data, it can be concluded that all components that fail due to fatigue are to be removed or
controlled for other reasons. Therefore, no additional equipment needs to be removed due to this
consideration.

4.3  Analysis Results

The following summarizes the results of calculations contained in Appendix B. Tables 4-1, 4-2, and 4-3
provide yield stress results. Table 4-4 summarizes deflection results, and Table 4-5 contains fatigue
analysis results. Result analysis and recommendations by component are provided in section 4.1.3..
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Table 4-1. Worst Case Summary of Estimated and Allowable Forces Tanks AW-101, -103,-104.

Component Aliowable Estimated Estimated Force Distance from Distance
and Riser No. | Force (Ibf) Force at 70% at 100% Pump Center of Tank From Pump
AISC Pump Speed (Ibf) Speed (Ibl) (ft) Nozzle (ft)

MP1 MP2 MP1 MP2 MP1 MP2

Temp Tree #5 366 40.7 42.1 80.3 88.7 3 22.5 16.5

Transfer Pump 1273 41.6 40.8 105.7 89.4 3 16.5 22.5

=117 #12

Transfer Pump 16,270 59.4 49.3 191.5 147.6 3 16.5 22.5

- 32" #12

AISC value is .66Sy which has a safety factor applied for structural analysis.
Sy is ASME standard value for a material’s yield stress.
Julyk value is based on the report analysis values that are higher than the AISC value and close to the standard Sy value

Table 4-2. Worst Case Summary of Estimated and Allowable Forces Tanks AY-101, 102,

Camponent Allowable Estimated Estimated Force Distance from Distance

and Riser No. | Force (lbf) Force at 70% at 100% Pump Center of Tank From Closest
AISC Pump Speed (Ibf) Speed (1bf) {ft) Pump Nozzle (ft)
MP1 MP2 MP1 MP2 MP1 MP2
ALC-21 #2 603 Julyk 170 * 609 * 27 4.5 *
Thermowell— | 154 (Sy) 49 * 99 * 27 4.5
21 Riser #3
ALC-14 603 Julyk | * 167 596 27 * 4.6
Riser #2
Thermowell - | 154 (Sy) * 48 96 27 * 4.6
14 Riser #3
Transfer Pump | 1273 AISC | 40.8 40.8 89.8 89.8 6 223 223
~11" Riser
#OA
Transfer Pump | 16,270 49.5 49.5 148.7 148.7 6 22.3 223
- 327 Riser AISC
#6A
Sluice Pit 100 Sy * 81 * 276 19 > 2.7
Drain Riser
#10A
Leak 210 Sy 43.5 45.7 88.6 78.3 T | 489 23.6
Detection Pit
Drain 1A from
pump #2 Riser
#11A
Drywell Riser | 269 Sy 47 414 78.7 103.5 12.5 329 12.3
#14A
New Temp. 366 AISC 41.4 45 103.5 88 348 12.3 56.3
Tree with :
sludge Riser
#15L
Tank Wall 4.7 x10° 247 247 913 37.5 15.5 15.5
AISC

AISC value is .66Sy which has a safety factor applied for structural analysis.
Sy is ASME standard value for a material’s yield stress.
Julyk value is based on the report analysis values that are higher than the AISC value and close to the standard Sy value.

* Very close proximity to one mixer pump bounded this value.
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Table 4-3. Worst Case Summary of Estimated and Allowable Forces Tanks SY-101, -102, -103.

Component Riser No. | Allowable Estimated Estimated Distance from Distance
and Tank No. Force (Ibf) Forceat 70% | Forceat100% | Center of Tank From Pump
AISC Pump Speed Pump Speed {ft) Nozzle (ft)
(bf) (ibf)

MP1 MP2 MP1 MP2 MP1 MP2
Vel Den Temp Tree 61 47.8 41 84.1 104 20 38.1 9.9
Riser #3 — 8Y-101
New Temp Tree - all 366 40.8 429 88.7 803. 3 16.5 225
tanks Riser #5
Transfer Pump 117 all 1273 40.8 41.6 89.4 105.7 3 22.5 16.5
tanks Riser #13
Vel Den Temp Tree 61 458 40.8 88.2 86.8 28 45.9 14.1
Riser #15 — §Y-101
Multi-function Temp 42 48 48 81.8 81.8 28 339 339
Tree SY-101, -103
Riser #18
Multi-function Temp 42 41 449 86.8 88.2 28 14.1 459
Tree SY-101 Riser
#19
Transfer Pump, SY- 106 454 413 87.6 102.5 30 49.1 11.1
102 only Riser #23

AISC value is .668y which has a safety factor applied for structural analysis
Sy is ASME standard value for a material’s yield stress
Julyk value is based on the report analysis values that are higher than the AISC value and close to the standard Sy value

* Very close proximity to one mixer pump bounded this value.
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With the estimated operating cycles provided by the Design Authority, and a fatigue force analysis from
Winkle (1989), a prediction is made for fatigue failure. The results are presented in Table 4-5.

Table 4-5. Fatigue Analysis on Tank Components.

Tank & Components Estimated Values Allowable Force For Maximum
) Total Cycles Calculated Force
AW-101, 103,104 * Duty Cycles  Total {Ibf) (1bf)
per tank Cycles
New Temperature Tree} 10 @10 days 57,600 2254 88.7
each
Transfer Pump - 117 | 10 @10days 57,600 857.2 105.7
each
Transfer Pump — 32" | 10 @10 days 57,600 10,939.5 191.5
each
AY-101, 102
Air Lift Circulator 14 & 21 30 weeks 120,960 2122 609
Transfer Pump — 11" 30 weeks 120,960 714.4 89.8
Transfer Pump — 32" 30 weeks 120,960 9116.3 148.7
Sluice Pit Drain 30 weeks 120,960 25.1 276
Drywell 30 weeks 120,960 99.4 103.5
New Temperature Tree 30 weeks 120,960 187.9 103.5
SY-101, 102
VDTTriser #3 | 10 @10days 57,600 41.5 104
each
New Temperature Tree | 10 @10 days 57,600 2254 88.7
each
New Transfer Pump— 11”7 | 10 @10days 57,600 857.2 105.7
each
New Transfer Pump —32” t 10 @10 days 57,600 10,939.5 191.5
each
VDTTriser #15 | 10 @10days 57,600 41.5 88.2
each
MIT riser #18 | 10 @10 days 57,600 28.1 81.8
each
MIT riser #19 | 10 @10 days 57,600 28.1 88.2
each
Transfer Pump — SY-102 | 10 @10 days 57,600 71.4 102.5
cach

Only the components that are closest to the mixer pumps, had the highest force, or which were marginal
in acceptability are presented in the following tables. The rest of the values are in Appendix B along
with the calculations.

1t should be noted that the force values indicate an interesting anomaly. In some cases, the mixer pump
furthest from an in-tank component imposes higher forces on the component than the closer pump. This
phenomena is due to a sudden increase in the drag coefficient as a slowing flow transitions from
turbulent to laminar conditions. With turbulent flow, the drag force decreases with decreasing flow
velocity. Likewise, the drag force of a laminar flow decreases with decreasing flow velocity. However
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as a slowing flow transitions from turbulent to laminar, the drag increases as the flow field restructures
itself around an object in the flow path (Fox 1985). This phenomena was not apparent in Julyk (2000}
that considered lower viscosity wastes. Since the Reynolds number is inversely proportional to the fluid
viscosity, lower viscosity fluids will transition from turbulent to laminar flow at a lower velocity. Thus,
lower viscosity fluids will experience the force increase anomaly at a further distance from the mixer
pump nozzle. Julyk used a viscosity of 2 cp that wouldn’t produce the increased force anomaly until the
jet flow was outside the tank shell. This analysis used a viscosity of 30 ¢cp that results in increased drag
coefficient in the 35 to 45 ft range.

4.3.1 Control Recommendations

241-AW Tank Component Recommendations

. The New Temperature Tree (riser 16, all tanks) is well within allowable forces for yield and
deflection and is acceptable at 100 percent pump speed. Fatigue is not a concern on this
component.

Action: Pump may be operated at full speed when passing this device.

. The New Transfer Pump (riser 12, all tanks) is well within allowable forces and deflection at 100
percent pump speed. Fatigue is not a concem on this component.

Action: Pump may be operated at full speed when passing this device.

241-AY Tanks

» The ALC-21 (riser 2, both tanks) slightly exceeds allowable force (6 1b f) due to yield at 100
percent pump speed; it is within 12 percent of allowable with respect to deflection. Fatigueisa
primary concern at 100 percent pump speed, especially during pump insertion. At 70 percent
pump speed; the force values are well below allowable forces.

Action: Slow pump speed to less than 100 percent (i.e. 70 percent) when passing this device.
This action is only necessary when operating the mixer pump during incremental lowering.
Pump may be run at 100 percent when fully inserted. Detailed fatigue analysis should be
performed in Definitive Design.

. The ALC-14 (riser 2, both tanks) falls within 5 percent of allowable force at 100 percent pump
speed. This is beyond the margin of error for this calculation.

Action: Slow pump speed to less than 100 percent (i.e. 70 percent) when passing this device.
This action is only necessary when operating the mixer pump during incremental lowering.
Detailed fatigue analysis should be performed in Definitive Design.

. The ALC-21 Thermowell (riser 3, both tanks) does not exceed allowable force or allowable
deflection at 100 percent pump speed.
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Action: Pump may be operated at full speed when passing this device.

The ALC-14 Thermowell (riser 3, both tanks) does not exceed allowable force or allowable
deflection at 100 percent pump speed.

Action: Pump may be operated at full speed when passing this device.

The Sluice Pit Drain (risers 10C and 10A, both tanks) exceeds allowable force due to yield and
deflection at 100 percent pump speed. Fatigue is a concern at 100 percent pump speed,
especially during pump insertion. At 70 percent pump speed, force values are below allowable
forces for yield and deflection.

Action: Operate pump below 70 percent speed when passing this device. The drain only extends
to within 5 fi of the tank bottom, therefore, reduced speed may only be necessary during

incremental pump insertion. Detailed fatigue analysis should be performed during Definitive
Design.

The Drywell (riser 14B, both tanks) does not exceed allowable force or allowable deflection at
100 percent pump speed, however, the components are above allowable for fatigue.

Action: Operate pump below 100 percent speed when passing this device. Detailed fatigue
analysis should be performed during Definitive Design.

The Leak Detection Pit Draimn (riser 11A, both tanks) does not exceed allowable force or
allowable deflection at 100 percent pump speed. Fatigue is not a concern for this component.

Action: Pump may be operated at full speed when passing this device.

The New Temperature Tree (risers 15D and 15L, both tanks) does not exceed allowable force or
deflection at 100 percent pump speed. Fatigue is not a concern for this component.

Action: Pump may be operated at full speed when passing this device.
The Tank Wall forces are well below allowable.

Action: Pump may be operated at full speed when passing the tank wall_.

241-SY Tanks

The Velocity Density Temperature Tree (riser 3, tank 101) exceeds the allowable force and
allowable deflection at 100 percent speed. Fatigue is also a concern.
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Action: This instrument should be removed from the tank since it is not needed from an
operational or safety perspective. Slowing the mixer pump speed would reduce mixing
effectiveness without a noticeable benefit.

. The Velocity Density Temperature Tree (riser 15, tank 101) exceeds the allowable force and
allowable deflection at 100 percent speed. Fatigue is also a concer.

Action: This instrument should be removed from the tank since it is not needed from an
operational or safety perspective. Slowing the mixer pump speed would reduce mixing
effectiveness without a noticeable benefit.

° The Multi-Function Instrument Tree (riser 18, tanks 101 and 103) exceeds allowable force and
deflection at 100 percent and exceeds allowable force at 70 percent speed. Fatigue is also a
concern.

Action: This instrument should be removed from the tank since it is not needed from an
operational or safety perspective. Slowing the mixer pump speed would reduce mixing
effectiveness without a noticeable benefit.

. The Multi-Function Instrument Tree (riser 19, tank 101) exceeds allowable force and deflection
at 100 percent and exceeds allowable force at 70 percent speed. Fatigue is also a concemn.

Action: This instrument should be removed from the tank since it is not needed from an
operational or safety perspective. Slowing the mixer pump speed would reduce mixing
effectiveness without a noticeable benefit. Fatigue is also a concem.

. The Transfer Pump (riser 023, tank 102) is within 5 percent of aliowable force at 100 percent
pump speed. This is within the margin of error for the calculation. It does not exceed allowable
* deflection.

Action: This pump should be removed from the tank since it is not needed from an operational or
safety perspective. Slowing the mixer pump speed would reduce mixing effectiveness without a
noticeable benefit.

ISR )

The New Transfer Pump (riser 013, all tanks) is well within allowable forces and deflection at
100 percent pump speed. Fatigue is not a concem.

Action: Pump may be operated at full speed when passing this device.

R R P i S
[ ]

. The New Temperature Tree (riser 005, all tanks) is well within allowable forces and deflection at
100 percent pump speed. Fatigue is not a concern.

Action: Pump may be operated at full speed when passing this device.
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4.3.2 KEffect of Reduced Pump Speed on Tank Mixing

Reduction of pump speed, as is recommended to preclude damage to some components, imposes areas
of reduced mixing effectiveness. When this is taken in conjunction with the overlap from another pump,
there is a resulting shadow effect (refer to Figures 4-11 and 4-12.)

-]
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Figure 4-11. Plan View Tank 241-AY-101.

While this effort can have slight impacts on the overall mixing of the tank wastes, operation of the mixer
pumps in the recommended manner should not significantly impact waste characteristics. This result
appears to be confirmed based on the test results from mixer pump operation in tank AZ-101.

Further analysis must continue as more detailed data becomes available from pump manufacturers, field
tests, and waste sampling.

HND Team Page 24




g ezt i

e TR T

RPP-7069, REVISION 0

MIXER PUMP IMPINGEMENT FORCE Report No. 990920203-015, Rev.
ON IN-TANK EQUIPMENT September 2000

2\ o
bV R N

. DB
18,
-

sLce B 42
- L JUREST

scr

o3

APPROXIMATE EFFECTVE .
G RADIUS 3

A . S ‘___,.-’
- N
; 3.
A .
CLEANING. RAD :
176 1yp | SLUCE PIT DRAIN
VP . .
- A P P
140 HAE Y
B L
.

.

9
HIXING EFFECTVENESS

PLAN VIEW TANK 241-AY-102

Figure 4-12. Plan View Tank 241-AY-102.

5.0 CONCLUSIONS AND RECOMMENDATIONS

Tables 4-1 through 4-3 summarize the results of the impingement force analysis performed on key
components installed in tanks AW-101, -03, -04, AY-101, -102, SY-101, -02, and -03 at 100 percent and
70 percent mixer pump speeds. Plastic hinge deflections, and allowable deflections based on component
shape, associated with those maximum forces are calculated in Appendix B and tabulated in Tables 4-4
and 4-5. The results also consider fatigue analysis.

Overall conclusions and recommendations are provided in the following sections.
5.1 241-AW Farm
All components within the AW tanks can withstand the impingement forces that will be applied. Since

transfer pump design is not yet determined, the procurement specification should make it clear the forces
that these pumps must endure while operating.
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5.2 241-AY Farm

The ALCs closest to the mixer pumps (ALC-21 and ALC-14) will experience forces slightly exceeding
or very near their allowable if the mixer pump is operated while it is being lowered into its final installed
position. In addition, forces calculated exceed the allowablie for fatigue. Thus, the mixer pump speed
should be slowed while a jet nozzle is passing these components. After full insertion of the pump, the
jet flow will mostly pass under the ALCs; at this time , it should be possible to operate pumps at 100
percent speed. Further analysis is needed.

The ALC thermowells do not have an operational use, are permanently welded in place, and analysis
demonstrates they will not exceed their limit load for yield or deflection. No controls are recommended
for these components.

The sluice pit drains exceed their yield force allowable hmit for 100 percent pump speed. In addition,
forces calculated exceed that allowed for fatigue. Mixer pumps will only impinge on these components
as they are being lowered into the tanks. Therefore, when the pump jets are in-line with any of the ALC
thermowells and sluice pit drains they should be at 70 percent speed. 1f operated for the entire project
mission with jets in line with the drains (an unlikely occurrence) fatigue is an area of concern for these
components. This should be further analyzed during Definitive Design.

The previous discussion identified certain components that require a reduction in mixer pump operating
speeds as the nozzles oscillate past in order to avoid damage to the components. This reduction in speed
will create certain areas in the tank where the mixing effectiveness will be slightly diminished.

5.3 SY Farm

Fatigue concerns associated with the velocity density temperature trees in tank SY-101 make it
advisable to remove these components. Replacement is not required as the temperature measurement
function is being met by the new temperature tree to be installed in riser 5.

Fatigue concerns associated with the multi-function instrument trees in tank SY-101 and SY-103 make it
advisable to remove these components. Replacement is not required as the temperature measurement
function is being met by the new temperature tree to be installed in Riser 5. However, tank pressure
measurement will be needed on each tank and a tie-in for the existing gas sample station will be needed.

The existing inoperable evaporator transfer feed pump installed in riser 23 of tank SY-102 should be
removed since it will affect the effectiveness of tank mixing, is not needed, exceeds fatigue allowed, and
is near its allowable force value. '

5.4 General Recommendations

In all tanks there are two mixer pumps operating simultaneously. Coincidental jet forces impinging on
components simultaneously will produce a larger, cumulative force than that which has been calculated
in this report. Therefore, controls should be placed on the pumps such that jets will not contact a
vulnerable component simultaneously.
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During design, after mixer pumps have been specified more thoroughly and increased pump
performance data is known, this analysis should be reviewed to verify or modify conclusions.

During mixing operations, it is recommended that cameras be used to verify and periodically monitor
deflection of installed components due to mixer pump forces.

5.5  Cost Impact

No cost savings from the CDR baseline estimate results from this detailed analysis. The cost increase
due to removing additional components have been accounted for in Task 12 (see Attachment L),
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Spreadsheets and Diagrams for Tank Component Locations
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HNDTEAM

Project No. 9909203.01/4412-046
DESIGN CALCULATION SHEET : Sheet _2 of _ 65+ Attachment )

FORM EP-3.3-2F

/) .y
, Forasdtl 5 S
Caleulation No.  MEA7 PERFORMED BY R Spencer {  DATE Z/27/6e

Date 00
Rev.No. C
CHECKED BY

Calculation Title: W-521 In Tank Component Impingement and

Deflection Analysis

INTRODUCTION |

Purpose

Scope

DESIGN BASIS
Design Inputs

Criteria

Assumptions

The purpose of this analysis is to estimate the impingement forces on
components located within Tanks AW-101, AW-103, AW-104, AY-101, AY-
102, SY-101, SY-102 and SY-103 as a part of the Advanced Conceptual
Design Report (ACDR) for the W-521 Project. These force estimates will
then be compared against allowable yield forces for the components. The
impingement forces will be used to determine component deflection for
comparison against plastic-hinge limit load allowables. The comparison
results will be the basis for requiring removal of components from the above
tanks prior to operation of the mixer pumps.

The scope of this analysis is to perform a preliminary conceptual evaluation
of the impingement forces and resulting deflection on the in-tank components
that may be affected by exceeding yield allowables, or deflect such that the
component interferes with other equipment or the tank wall. Forces and
deflections will be estimated for pump flows resulting from 70% and 100%
pump speed operation.

Design inputs for this analysis are found in the documented references listed
below.

This analysis, as part of the ACDR, is determining criteria for the design of
the W-521 Waste Feed Delivery System.

The assumptions of this analysis are the following:

1. The worst-case sludge build-up for analysis is 3 ¥2”, which is added to the
overall component diameter for an effective component diameter (Julyk
1997) and assumed over the entire length of the component.

2. The waste density is 1.4 g/cm’ and the waste viscosity is 30 centipoise
based on Level 2 Specification criteria.

3. The waste is assumed uniform throughout the tank fluid volume.

4. Allowable force for components that are not operational or will not be
operational is yield, Sy.

5. Allowable force for components that must be operational is AISC (.66
Sy).

6. For deflection analysis the components are treated as cantilevers with
constant cross-sectional properties.
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DESIGN CALCULATION SHEET | cuc 4007
HNDTEAM Form EP-3.3-2F Rev: C

' Page: 2 of 69

Design Calculation Title: W-521 In Tank Component Impingement and Deflection Orig: R. Spencer % Date: 9/2%0
Analysis

Project No. & Title: 4412-046, W-521 Advanced Conceptual Wasie Feed Checker: D.Clements.,, Date:f/ze/éo
Delivery System

RE
REFERENCES 1 A1SC, 1989, Manual of Steel Construction — Allowable Stress Design,

American Institute of Steel Construction, Inc. Chicago, Illinois.

Bambeger, J. A, I. M. Bates, and E. D. Waters, 1990, Final Report:
Experimental Characterization of Jet Static Forces Impacting Waste
Tank Components, PNL-7394, Pacific Northwest Laboratory,
Richland, Washington.

Julyk, L. J., 1997, Evaluation of the Effect of Project W-151 Mixer Pump Jeis
on In-Tank Equipment Considering Potential Sludge Buildup on
Equipment in Waste Tank 241-AZ-101, Hanford Site Richland,
Washington, HNF-SD-W151-DA-008, Fluor Daniel Northwest, May
13, 1997.

Pilkey, D. W, 1994, Formulas for Stress, Srain, and Structural Matrices,
John Wiley & Sons, Inc. New York, New York.

Roarke, R. J. 1965, Formulas for Stress and Strain, 4™ Edition, McGraw-Hill
Book Company, New York New York.

‘Trent, D. 8. and L. A. Mahoney, 1994, Simplified Procedure for Estimation
Cross-Stream Jet Forces on Waste Tank Instrument Trees, PNL MIT
030194, Pacific Northwest Laboratory, Richland, Washington.

Winkel, B. V. 1989, Evaluation of the Effects of Mixer Pump Jets on Internal
Components Resulting from Mixer Pump Operation in DST 101-AZ
(Design Input), WHC-SD-W151-ER-001, Rev. 0, Westinghouse
Hanford Company, Richland Washington.

Wood, R. F. and Tucker, R. P., 2000, Completion of TPP FY/2000 PI ORP
4.2.1 Rev. 1 AZ101 Process Test Section 3 Stretch 4 and Section 4
Define Completion, CHG-0002835, CH2M Hill Hanford Group, June
5, 20000. :

METHODS This calculation is prepared in three sections. Section 1 evaluates the
estimated impingement forces on the components, Section 2 evaluates the
estimated component deflections observed due to the impingement forces and
determines the allowable plastic hinge limit load for the components, and

Section 3 determines the allowable yield forces for the components evaluated.

The methods used in Section 1 to perform this analysis are based on the basic
equation of drag force on a solid body in a flowing fluid with uniform
distribution. This equation is modified to model the diverging jet flow
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impinging on the vertical pipe components. This evaluation is performed as a
static evaluation and dynamic load factors from Winkel 1989 are added to the
allowable yield force calculations in Section 3.

A review of thermocouple tree removal videos from AZ-101 indicated a
sludge buildup on the in-tank portion of thermocouple trees. The observed
build-up was 2 4™ thick and therefore, for purposes of this analysis, a 3 147
sludge build-up is conservatively assumed. The increase in diameter (7
total) increases the jet impingement area and also affects the effective drag
coefficient of the component. The increased jet impingement area will
proportionately increase the jet impingement load, thus making the 3 12”
sludge build-up a conservative assumption. The component (with sludge
build-up) diameter is assumed uniform over the length of the component
(Julyk 1997).

A conservative approach to evaluating the thermowells (3/4” pipe welded to
the 30 ALC pipe) is to assume the force that is exposed on the 30" + 77
sludge ALC is what will be imposed on the thermowells. The force results
from this caiculation determined when assuming this conservative approach
corresponds with Julyk 1997,

‘This analysis also evaluates the forces on only the 34 thermowells with a
conservative assumption of the 3 ¥2” sludge thickness added to the pipe (pole)
diameter. The force results from a less conservative but more realistic model
result in the thermowells being below the yield force allowable at 100%
speed.

When the force of the pump is exerted on the ALC, the ALC will support the
thermowell because of it’s much higher allowable force. Therefore, assuming
that the force on the ALC is the same as the force on the thermowell alone is

a very conservative approach.

Additional conservatism built into this analysis is:

e For the deflection analysis, the velocity profile as shown below (Figure 1)
is assumed a point load and modeled as impinging at the bottom of all
components. The maximum velocity is actually at the center of the jet
and the jet will be at least 18” from the bottom of the tank. Therefore,
modeling the maximum force as a point load at the end of components
that may be only 3” from the bottom of the tank is conservative. This
conservatism will more than account for the velocity profile shift to the
bottom of the tank for the interference and bounce back velocity from the
bottom of the tank.
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¢ Small deflection theory evaluation was used and has been determined to
be conservative per Julyk and Winkel.

Figure 1, Velocity Profile

¢ For the deflection analysis the moment arm of all components is assumed
to be the entire length of the component (except for the thermowells).
This is conservative because several of the components are supported
inside of risers and will actually have approximately a 10 foot shorter
moment arm, which significantly lowers the deflection.
e Dynamic load factors (Winkel, 1989) were added to the allowable yield
and AISC values.

The methods used in Section 2 for determining deflections are based on
simple cantilever beam equations directly from Roarke, 1965 for a constant
cross-sectional property cantilever pipe with an assumed fixed point and free
end exposed to a transverse point load. The allowable deflection is based
upon the plastic-hinge limit load shape factor (Pilkey 1994 and Julyk 1997)
for each component.

The components are assumed fixed at their respective points in the tanks as
follows:
e Thermowells assumed fixed at bottom of ALC’s. The thermowell
%” pipe extends 27" past the end of the 30” diameter ALC (See
page 5).
e The entire length of all remaining components is used as their
respective moment arms.

The allowable deflection, derived per Julyk 1997 is based upon the plastic
hinge limit. The component “limit” load which is associated with the creation
of a plastic hinge, meaning that loads in excess of the limit load would
produce significant permanent deformation is used as the assumed failure for

thic analvcig and thnge t aad) heir limit Inad wnll sither ha
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this analysis and those components exceeding their limit load will either be
removed or the pump reduced to such a speed when impinging upon them to
maintain the stresses below the limit.

The stresses due to the impingement load at the riser to component flange
location have also been evaluated to ensure the yield allowable is not
exceeded at that (worst case) location. The worst case impingement forces on
the ALC, RDW, sluice pit drain, new temperature tree, VDTT, new 117
transfer pump, new 32” transfer pump, and SY 102 supernate pump.

These yield stresses at the riser flange to component interface are then used to
compare to the fatigue allowables found in Attachment 1. The maximum
force for each component to reach it’s allowable fatigue cycles is charted for
various time periods in Attachment 1.

The methods used in Section 3 for determining the allowable yield forces is
the conversion of the allowable stress for A53, Grade A carbon steel to the
allowable force based on the cross-sectional properties of each component.

A Dynamic Load Factor (DLF) (Winkel 1989) is added to allowable force
determination to conservatively include dynamic loading of these components
that were evaluated statically. The allowable force for the

thermowells and ALCs is taken from Julyk, 1997 due to the similarity of the
components,

RESULTS AND | The results are evaluated by comparing the estimated force with the allowable
CONCLUSIONS | yield force (based on the cross-sectional area of the component) and
comparing the estimated deflection with the plastic-hinge limit load (based on
the shape factor of the pipe). The plastic-hinge limit load evaluation is the
limiting method of analysis in this evaluation. The yield load may be
exceeded as long as the plastic-hinge limit load is not exceeded for the
component, If the plastic-hinge limit load is exceeded but the yield load not
exceeded, justification for acceptance of the component is not met.

The plastic-hinge limit load method more accurately (less conservatively)
addresses the shape of the component instead of conservatively assuming
only the cross-sectional area of the component. The impingement force may
cause the component to bend more than plastic-hinge limit before reaching
the components yield allowable. Therefore, the components that exceed their
plastic-hinge limit load must be evaluated more extensively in definitive
design or controls must be placed on the pump when in line with these
compotents.

Based upon the several layers of conservatism this analysis has taken into
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account; small deflection theory calculations (per Julyk and Winkel), point
load at bottom of components, entire length of component as moment arm,
load integrated over entire diameter of component, and the additional 10%
DLF added, as long as the components are less than the limit load they are
assumed to remain in the tanks.

The profile temperature probes, LOWs and sludge temperature probes have
been assumed to be removed based upon large deflections that could possibly
impact the tank wall (Winkel 1989) and other Chent considerations.

The results of this analysis determined the following (see Attachment 1
Tables):

e Using the conservative method, two thermowells (for ALC 14 & 21 in
both AY-101 and AY-102) that are located less than 5 feet from the
mixer pumps exhibit slightly higher than yield force allowables but are
below their plastic-hinge limit load allowable.

e The worst case ALCs 14 and 21 located in riser 2 exceeds the yield stress
allowable (100% pump speed) for the riser flange to component stress
evaluation based upon the impingement force being determined on the
30” pipe and the pipe to flange being a 6 schedule 80 pipe. At 70%
speed the stress is more than acceptable. Therefore, the pump should be
slowed to 70% when in-line with ALC 14 & 21.

e The sluice pit and leak detection pit drains are below their yield and limit
load allowable (at 70% speed) but exceed their plastic-hinge limit load
and yield allowable at 100%. These components also exceed their yield
stress allowable for the riser flange to component evaluation at 70% and
100%. These components are 5 feet from the bottom of the tank and are
only of concern when the pump is being lowered past them, not during
normal pump operation. In definitive design the speed of the pump may
be lowered to less the 70% speed when being lowered past the end of the
sluice pit and leak detection pit drains. :

e The sluice pit drains also exceed their fatigue limit assuming that the
pump were to be operating continuously 5 feet from the bottom of the
tank. The 70% impingement force was determined to be 81 Ibf and the
maximum force to exceed yield stress at 20,000 cycles is 70.3 Ibf
(Attachment 1).

¢ The closest Radiation Dry Wells (RDW) (Risers 14a and 14b) in AY 101
(and similarly in AY 102) are below their yield and limit load allowable
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at 100% speed. Although concern was placed on these components based
on the Julyk report, the additional 4.3 feet (12.3 feet from mixer pump
verses the Julyk 8 foot from mixer pump) lowers the impingement force
on this component significantly. This can be seen in the Julyk report also
where 17.7 ft from the pump yields 74 Ibf. Based upon the higher fluid
viscosity required by the Level 2 specification for this project, this lower
force also is logical. The RDW’s do not exceed their yield stress
allowable at 100% pump speed.

The thermowells were thought to be the components of most concern
because they are close to the pump and small in size, %4 schedule 40
carbon steel pipe. However, the impingement force is smaller with the
smaller diameter of pipe. Therefore, although the % pipe has a lower
allowable yield force it also has a lower impingement force. The ALC
has higher impingement forces but can withstand higher forces (allowable
yield force is 603 Ibf). This analysis evaluates the force that will be
exerted on the ALC (30 diameter) and the thermowell (3/4” diameter)
and conservatively assumes the ALC force is exerted on the thermowell.
The allowable force (154 Ibf) for the thermowells is taken from Julyk
1997 based upon the similarity of these components to the AZ-101
thermowells.

Using the conservative approach, the impingement forces on the ALC
thermowells that are located less than 5 feet from the pumps exceed yield
(at 70% speed) but they do not exceed their deflection limit load.
Evaluating the impingement force on the thermowell instead of exposing
the %” diameter pipe to the forces of a 30” diameter pipe lowers the
impingement forces to below AISC allowables for 70% speed and below
yield allowables at 100% speed. The limit load evaluation is considered
the conservative methodology, therefore these components with the
conservative approach and 70% pump speed are acceptable to remain in
the tanks.

The new 6 thermocouple trees are well below their AISC stress
allowables, yield stress allowable at the riser to component interface, and
limit load allowables for 100% pump speed.

The multi-functional instrument trees (MITs) in SY 101 exceed their
yield, AISC and limit allowable at 100% pump speed but do not exceed
their yield and limit load allowable at 70% speed. Therefore, the pump
speed must be reduced when in-line with the MITs. The MITs exceed the
yield force allowable at the riser to component interface for 100% but are
acceptable at 70%.
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e The Velocity Density Temperature Trees (VDTT) exceed their yield,
AISC and allowables at 100% pump speed but do not exceed their limit
load at100 % pump speed. They do not exceed their AISC and limit load
allowable at 70% pump speed. Therefore, based upon the fact that it is
desirable that the VDTT remain functional the pump speed will be
reduced when the jet is in-line with the VDTTs. The VDTTs exceed the
yield force allowable at the riser to component interface for 100% but are

acceptable at 70% speed.

e The 11” and 32” conceptual design new transfer pumps are acceptable in
all cases evaluated for 100% pump speeds in all tanks.

e The supernate feed pump in SY-102 does not exceed AISC or limit load
allowables, nor does it exceed the yield force allowable for the riser to
component interface for 100% pump speed.

¢ The sluice pit drains and leak detection pit drains in the AY tanks exceed
their yield and limit allowable at 100% pump speed. The basis behind not
removing the sluice pit drains or leak detection pit drains is as follows:

a) The sluice pit and leak detection pit drains are welded to the tank
dome and would be extremely difficult, if not impossible to remove
from the tank.

b) The impingement forces on the components do not exceed yield at
70% pump speed.

¢) The deflection does not exceed the limit load allowable at 70% pump
speed.

d) Further evaluation can be made during definitive design, once pump
characteristics are finalized to determine the method of controls for
lowering the pumps past the sluice pit drains.

e) The drains are 5 feet above the bottom of the tank and therefore do not

affect normal operation of the pump.

Attachment 1 tables give a compiled list of the force and deflection results for
each of the components in each of the tanks.

The pumps must also be operationally controlled to not allow coincidental
impingement on the components. As shown in the Julyk report the
impingement forces from two pumps coincidentally being imposed on
components are much too high for the components to resist.
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SECTION 1: Determine Maximum Force on In-Tank Components at 100% Pump Speed.

MAXIMUM FORCE ON PIPE

gc:=32.17 Gravitational Constant with units

.. poise
centipoise = 100 defined centipoise

C,:=47870 centipoise/(Ib, -s/ft2) conversion factor, for reference
C, 1= 62.428 (Ih,,/R%)/(g/cmP) conversion factor, for reference
pgi=14 Filuid Density, g/cm®

pe =30 Fluid viscosity, centipoise  Given by Level 2 specification

’ 3
= e B =6267x 10 4 <~Ck on conversions—-> 5 :=p gCp p= 37,399% ..l%
ft
k:=62
K:= 2-1;2 K =7688% Flow momentum constant, unitless

7y :=1..50 Distance from jet discharge to point of reference, ft.
LI Ca . . . e
Fg:=—p-U-A— (1) Drag force on a solid body in a flowing fluid with uniform
Ec distribution.
X:=294 UoDo given by Level 2 specification {

I

2
~ K1 —
kX [zp] (2) Velocity profile as function of radius, r (at distance z)
U(r, zp) = —z;-e
D = Impinged Pole Diameter
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Re(r,zp, Dp) = M (3) Reynolds Number as a function of iocal velocity U(r.z,)

"

D, = Impinged Pole (Pipe) Diameter

In order to perform the numerical integration, Cd(Re) needs to be expressed in a functional form.
The drag coefficient, Cd(Re), is given empirically by (Trent 1994) as a function of the Reynold's

number

g(r.zp,Dp) = log{Re{r, zp, Dp), 10) Note: log,5(525) = 1og(525,10) = 2.72 max

a(r’Zp,Dp) - 0-456[—— 0.32.(ér,zp,DP)_3_35)2]
]

b(r,zp,Dp) = 0.69¢ ~ 1.40(gr,2,, Dp)—4.80
[ 200(drzp.0y)-540))

o(r,zp, Dp) = 0.34¢
w{r,zp, Dp) := (075~ g(r’zP’Dp))'[O-S _ atan[0.24(g(r. 7. Dp) - 7] ]

+0.52-+ a(r,2p, Dp) + b{r, 2p, Dp) + ¢{r, 29, Dp)

Calr.zp,Dp) = mw(r, 7Dy} Coefficient of Drag

Ur:=.1 10% defines boundary

Effective boundary radius of the nomibal jet given by Trent, 1994,

-In(Ur} Dy
madzp) =7p [+ — (@)

) ~ln(Ur (5) <— To Obtain Fy as Function of U,D,
'ma’(zp) =p K [Eliminate D,/2 Term, assumed small]

Mmay(1) = 0.173

For the condition with a diverging jet flow impinging upon a component, a ndn-uniform flow exists,
i.e., where the flow velocity varies with location on the project area of the component. The
equation for the drag force (1) under these conditions becomes:

Fd= (1/2 ,ng)XUZ C4dA, Ibf (11)
A
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<— Terms Outside of Integral in
2 equation 11can be evaluated
P -
Fa(zp.Dp) = D | GeX) ", 90268.128049775567298%
% zp )

gc

I
Terms inside of the integral, (equation
11) for a component modeled as pipe rm.,(zp) )
of fixed diameter (Dp) are: -2K [.I_]
Zp
In(zp,Dp) = Cd(r,zp,Dp)-e dr
0

The drag force equation then becomes

Equation (12)*Equation (13): Fp(zp,Dp) = Fy(zp> Dp)-In(zp,, Dp)

AY 101 Calculations (All F, results are Ibf)

Fp(8.0,3.08 = 352.197 Fp(4.5,0.09 =92.386

FD(4.6,0.06) = 92.295

Fp(8.4,3.08 =336.468 .
| F(8.0,0.06 =72.514

Fp(4.6,3.08 = 595.921 Fp(8.4,0.06 =69.698

Fn(4.5,0.65 = 147.642
Fp(4.5,3.08 = 608.634

FD(4.6,0.65 = 145076

Fp(2.8,.83) = 276.239 FD(8.0,0.65 = 98.885

Fp(12.4,0.50 = 78.467 FD(84,063 =96.238 ;

Fn(7.9.1.08 = 141.335

Fp(7.9,0.50) = 87.477
Fp(12.4,1.08 = 102.983
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Riser 6A New Transfer Pump 32" Mixer #1 & #3 Fp(22.3,3.25 = 148.703
Riser 6A New Transfer Pump 1" Mixer #1 & #3  Fp(22.3,1.5 = 89.802

Riser 11A Leak Detection Pit Drain Mixer #1 FD(48.9,.92) = 88.444
Riser 11A Leak Detection Pit Drain Mixer #3 Fp(24.1,.92) = 78.287
Riser 13A Profile Thermocouple Probe Mixer #1 Fp(21.6,.92) = 78.834

Riser 13A Profile Thermocoupie Probe Mixer #3 Fp(53.3,.92) = 90.114
Riser 13B Profile Thermocouple Probe Mixer #1 Fp(50.8,.92) = 89.214
Riser 138 Profile Thermocouple Probe Mixer #3 Fp(26.9,.92) = 78.47

Riser 13C Profile Thermocouple Probe Mixer #1 Fp(53.3,.92) = 90.114
Riser 13C Profile Thermocouple Probe Mixer #3 Fp(21.6,.92) = 78.834

Riser 13D Profile Thermocouple Probe Mixer #1 Fp(26.9,.92) = 78.47
Riser 13D Profile Thermocouple Probe Mixer #3 Fp(50.8,.92) = 89.214

Riser 15A New Thermocouple Mixer #1 Fp(13.3,1.08 = 98.852
Riser 15A New Thermocouple Mixer #3 Fp(33.3,1.08 = 78.803
Riser 15D New Thermocouple Mixer #1 Fp(56.3,1.08 = 88.037
Riser 15D New Thermocouple Mixer #3 Fp(12.4,1.08 = 102.983
Riser 15H New Thermocouple Mixer #1 Fp(40,1.08 = 81.058

Riser 15H New Thermocouple Mixer #3 Fp(41.3,1.08 = 81.601

Riser 15l New Thermocoupie Mixer #1 Fp(12.3,1.08 = 103.489 ;
Riser 15L New Thermocouple Mixer #3 Fp(56.3,1.08 = 88.037

Riser 15P New Thermocouple Mixer #1 Fp(41.3,1.08 = 81.601
Riser 15P New Thermocouple Mixer #3 Fp(40,1.08 = 81.058
Riser 16A Sludge Temperature Fp{33.2,.92) = 80.646

Riser 16A Sludge Temperature Mixer #3 Fp(13.2,.92) = 91.29
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Riser 16B Sludge Temperature Mixer #1 Fp(13.5,.92) = 90.338
Riser 16B Sludge Tempetrature Mixer #3 F(32.9,.92) = 80.508

Riser 14G Dry Well Mixer #1
Riser 14B Dry Well Mixer #3

Riser 14A Dry Well Mixer #1
Riser 14A Dry Well Mixer #3

Riser 148 Dry Well Mixer #1
Riser 14B Dry Well Mixer #3

Fp(53.41.08 = 36.398
Fp(12.1,1.08 = 104.531

F(32.9,1.08 = 78.715
Fp(12.3,1.08 = 103.489

Fp(12.3,1.08 = 103.489
Fp(32.9,1.08 = 78.715

Riser 14C Dry Well Mixer #1 & #3  Fp(24.81.09 =79.038

Impingement Forces AY Tank Components

10

20 30 40 50

z

P
Component Distance, ft

—— DP=565
----- DP=.83
— - DP=92
~-- DP=1.08
— DP=15
----- DP=3.08
— - DP=3.25
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AW 101 Tank (Bounds all AW Tanks)

New Temp tree riser S Mixer #1 (22.5,1.08 = 80.31

New Temp tree riser S Mixer #2 Fp(16.5,1.08 = 88.726

New Transfer Pump Mixer 11" Mixer #1 Fp(16.5,1.5 = 105.727
New Transfer Pump Mixer 11" Mixer #3 Fp(22.5,1.5 = 89.444

New Transfer Pump Mixer 32" Mixer #1 Fp(16.5,3.25 = 191 .45
New Transfer Pump Mixer 32" Mixer #3 Fp(22.5,3.29 = 147.642

Impingement Forces AW Tank Components

59010° \ ] : | T

50
50
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SY 101 Tank (Bounds SY 103 Tank)

Riser 3 Vel Den Temp Tree Mixer #1 F(38.1,0.879 = 84.137
Riser 3 Vel Den Temp Tree Mixer #2 FD(9.9,0.87% = 103.904
Riser 5 New Temp Tree Mixer #1 Fp(16.5,1.08 = 88.726
Riser 5 New Temp Tree Mixer #2 Fp(22.51.08 = 80.31

Transfer Pump 32° Mixer #1  FD(22.53.25 =147.642

Transfer Pump 32" Mixer #2  Fpy(16.5,3.29 = 191.45

Transfer Pump 11" Mixer #1  F(22.51.5) = 89.444
Transfer Pump 11" Mixer #2  Fp(16.5,1.5) = 105.727

Vel Den Temp Tree Riser 15 Mixer #1 Fp(45.9,.875 = 88.169
Vel Den Temp Tree Riser 15 Mixer #2 Fp(14.1,.875 = 86.785

MIT Riser #18 Mixer #1 & #2  F(33.9,.879 = 81.834

MIT Riser #19 Mixer #1 Fp(14.1,.875 = 86.785
MIT Riser #19 Mixer #2 Fp(45.9,.875 = 88.169
SY 102 TANK
Riser 1 Liquid Observation Well Mixer #1 Fp(9.9,.92) = 107.201
Riser 1 Liquid Observation Well Mixer #3 Fp(38.1,.92) = 83.105

Riser 23 Transfer Pump Mixer #1  F(49.1,.96) = 87.631 v
Riser 23 Transfer Pump Mixer #3  Fy(11.1,.96) = 102.549
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Impingement Forces SY Tank Components
10001000 ) T T ;
800
Fo{zp..92)

S misnnin
3 Fplzp, 875)

£ o)™
g;;(ip,l.s)

F olz p.3.25)

400

200

10

B-65




RPP-7069, Rev. 0

DESIGN CALCULATION SHEET | cac #:ME07
H N DTEAM Form EP-3.3-2F Rev: C
Page: 17 of 69
,?:‘;ligl'l Calculation Title: W-521 In Tank Component Impingement and Deflection Orig: R. Spencer % Date: 9/3 7/oa
sis
Pronct No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed Checker: D.Clements Date: @/29/(}0
Delivery System LUOL,

WALL FORCE AS FUNCTION OF U D,

The equation for the force on the tank wall for a uniform (constant) velocity distribution is given
by:

F.=(p2g JUPA, Ibf (14)

For a non-uniform velocity Equation (14) becomes:

Fo=(p200 U(rz)2dA, Ibf (15)

-In(Ur) Do Defining I'me, as a function of z Equation (4) above is

Ima(2) = Z + — used max )

K 2 .

Ug:=.1  assumption

road?) = Z —In{Ug <— New Expressiontogetr ... = Function of U ;D

K

X :=Ug-Dy X :=24.36 Tmex(2) )
r

Substituting equation (2) for U(rz) F fzp (kX 2 - Z'K'(;) &
equation (15) becomes: wl(z,X) = ';' ) . ¢ T

Wall Impact Force as a Function of UoDo

10024 25 26 27 28 29 30 31 32 33 34 35 36
X
UoDe, sg-fi/s

Fu(15.5,29.4) = 912.948
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Analysis
Project No. & Title: 4412-046, W-521 Advanced Conoeptual Waste Feed Checker: D.Clements  Date: #/26/k0
Delivery System 0?&,

MAXIMUM FORCE ON PIPE -- 70% Pump Speed

At 70 % Pump Speed; UoDo Reduced from 29.4 by 52%. A ratio of 11.54 cu-ft/sec to
about 6.0 cu-fi/sec. This ratio is based on discussion with pump vendor.

X:=294052
X =15.288
2
x| L
U, Zp) _ _x (sz (3)  Veloctty profile as function of radius, r (at distance z )

Zp

.U :

Re(r,zp,Dp) = M Reynolds Number as a function of local velocity U(r.z,)

D, = Impinged Pole (Pipe) Diameter

In order to perform the numerical integration, Cd(Re) needs to be expressed in a functional form.
The drag coefficient, Cd(Re), is given empirically by (Trent 1994) as a function of the Reynoid's

number

8(r,2,,D,) = log(Re(r, 25,1, 10 Note: 169,((525) = 1og(525,10) =2.72 max

a(r,z5,Dp) : 045i 032 {gfr. . l1.)-335)
b{r,z,,10p) := 069.:[ 1.40-(gr, 7, Dy) -4 80)"_

7.00-(glr.2p, Dp)-5.40)>

vl D)= 035 elzp ) o5 “ 2B Do) AT
+°52+=(fzp Dp) + b{r. 2, Dp) + e{r, 5. D) ;

c(r z, Dp) 0345[

Calr2p.Dp) = 10 Me2D8)  Goefficient of Drag
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Design Calculation Title: W-521 In Tank Component Impingement and Deflection Orig: R. Spencer % Date: 9/27/00 '

Analysis N
Project No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed Checker: D.Clements Date: ‘7/ ZQ/ 6e
Delivery System /e

Ur:=.1 10% defines boundary

Effective boundary radius of the nominat jet given by Trent, 1994,
~InfURr) Dy
tmax(zp) =7 [——+ 5 @

r mx( ) __ —IUR (5 <— To Obtain F as Function of U D,
®/ = K [Eliminate D,/2 Term, assumed small]

fnax(1) = 0.173

For the condition with a diverging jet flow impinging upon a component, a non-uniform flow exists,
i.e., where the flow velocity varies with location on the project area of the component. The
equation for the drag force (1) under these conditions becomes:

Fd= (1/2 p/g,) U2 C4dA, Ibf (11)

Terms outside 5
of the integral in P-Dp [ (kX Dp
equation 11 can Fa(zp,Dp) := - -[—Zp > 24408.50182465931339%— (12)
be evaluated. z

k| — i Terms inside of the integral, (equation
(13 11) for a component modeled as a
ar pipe of fed
diameter (Dp) are:

The drag force equaiton then becomes .
Equation(12)* Equation (13): FD(?p , Dp) = Fd(zp , Dp)-In(zp , Dp) (14
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Design Calculation Title: W-521 In Tank Component Impingement and Deflection Orig: R. Spencer @ Date: 9/5‘ 7/30

Analysis
Project No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed Checker: D.Clements  Date: 9/ %/CD
Delivery System woC

AY 101 Added Calculations

Fp(8.0,3.08 = 100.974 Fp(4.5,0.06 = 35.342

Fp(4.6,009 = 34.67¢

Fp(8.4,3.08 = 96.789
FD(8.0,0.06 = 20.436

Fp(4.6,3.08 = 166.714 Fp(8.4,0.06 = 19.501

Fp(4.5,0.69 = 49.272
Fp(4.5,3.08 = 170.165

F(4.6,0.65 = 48.718

Fp(2.8, 83 = 80.922 F(8.0,06% = 40,959

Fp(12.40.50 < 44.776 Fp(84,0.69 = 40.797

Fp(7.9,1.08 = 47.924

Fp(7.9,0.50 = 40.922
p(12.41.08 = 41.327

Riser 6A New Transfer Pump 32" Mixer #1 & #3
Riser 6A New Transfer Pump 11" Mixer #1 & #3

Fp(22.3,3.25 = 49.502
Fp(22.3,1.5) = 40.755

Riser 11A Leak Detection Pit Drain Mixer #1
Riser 11A Leak Detection Pit Drain Mixer #3

F(48.9,.92) = 44.626
Fy(24.1,.92) = 45.398

Riser 13A Profile Thermocoupie Probe Mixer #1 Fp(21.6,.92) = 44.154

Riser 13A Profile Thermocouple Probe Mixer #3
Riser 13B Profile Thermocouple Probe Mixer #1
Riser 13B Profile Thermocouple Probe Mixer #3

Riser 13C Profile Thermocouple Probe Mixer #1
Riser 13C Profile Thermecouple Probe Mixer #3

Riser 13D Profile Thermocouple Probe Mixer #1
Riser 13D Profile Thermocouple Probe Mixer #3

Fry(53.3,.92) = 42.675
Fp(50.8,.92) = 43.808 ;
Fp(26.9,.92) = 46.574

Fp(53.3,.92) = 42,675
Fp(21.6,.92) = 44.154

Fp(26.9,.92) = 46.574
Fy(50.8,.92) = 43.808
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Design Calculation Title: W-521 In Tank Component impingement and Deflection

Analysis

Project No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed

Delivery System

Orig: R. Spencer /5 Date: 7/; 7/ed

Checker: D.Clements  Date: 4/26/p0
[ P

Riser 15A New Thermocouple Mixer #1
Riser 15A New Thermocouple Mixer #3

Riser 15D New Thermocouple Mixer #1
Riser 15D New Thermocouple Mixer #3
Riser 15H New Thermocouple Mixer #1
Riser 15H New Thermocouple Mixer #3

Riser 15L New Thermocouple Mixer #1
Riser 15L New Thermocouple Mixer #3

Riser 15P New Thermocouple Mixer #1
Riser 15F New Thermocouple Mixer #3

Riser 16A Sludge Temperature
Riser 16A Sludge Temperature Mixer #3

Riser 16B Sludge Temperature Mixer #1
Riser 16B Sludge Temperature Mixer #3

Fp(13.3,1.08 = 40.957
Fp(33.3,1.08 = 47.066

Fp(56.3,1.08 = 45.012

Fp(12.4,1.08 = 41.327

Fp(40,1.08 = 48.045
Fp(41.3,1.08 = 48.059

Fp(12.3,1.08 = 41.381
Fp(56.3,1.08 = 45.012

Fp(41.3,1.08 = 48.059
Fp(40,1.08 = 48.045

Fp(32.6,.92 = 47.938
Fp(13.2,.92) = 40.708

Fp(13.5.92) = 40.733
Fp(32.9,.92) = 47.968
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Design Calculation Title: W-521 In Tank Component Impingement and Deflection Orig: R. Spencer % Date: 9%7/541
Analysis ]
Project No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed Checker: D.Clements  Date: @/Zeﬁd
Delivery System M(,

Impingement Forces AY Tank Compenents
500 500 =T T T |

F D(z pr 3.08)

F oz p.325)

10

P
Component Distance, ft

— DP=.65
""" DP=283
—  DP=92
= - DP=108
—— DP=135
""" DP=3.08
— " DP=3.25
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Design Caiculation Title: W-521 In Tank Component Impingement and Deflection Orig: R. Spencer K Date: 9/2;/»

Analysis

Project No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed Checker: D.Clements  Date: §/28/60
Delivery System

AW 101 Tank {Bounds all AW Tanks)

New Temp tree riser 5 Mixer #1 Fp(22.51.08 = 42.877

New Temp tree riser S Mixer #2 F(16.51.08 = 40.817

New Transfer Pump Mixer 11" Mixer #1 Fp(16.5,1.5 = 41.636
New Transfer Pump Mixer 11" Mixer #3 Fp(22.51.5 =40.773
New Transfer Pump Mixer 32" Mixer #1 Fp(16.5,3.29 = 59.429
New Transfer Pump Mixer 32" Mixer #3 Fp(22.5,3.25 =49.272
Impingement Forces AW Tank Components
500 500 T I T T T
400 - g
5 \
2 Fpfz p.1.08)
s 300 L\ 7
E F D(z pr !.5) \
gy
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Design Calculation Title: W.521 In Tank Component Impingement and Deflection Orig: R. Spencer %T)atc: Q ]:7, 7/ o
Analysis

Project No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed Checker: D.Clements Date: q/za/a)
Delivery System A0

SY 101 Tank (Bounds SY 103 Tank)

Vel Den Temp Tree Mixer #1 Fp(38.1,0.92) = 47.845

Vel Den Temp Tree Mixer #2 F1(9.9,0.92 = 41.819

New Temp Tree Mixer #1 Fp(16.51.08 = 40.817

New Temp Tree Mixer #2 Fp(22.51.08 =42.877

Transfer Pump 32" Mixer #1 Fp(22.53.29 = 49.272

Transfer Pump 32" Mixer #2 Fp(15.7,3.29 = 61.504

Transfer Pump 11" Mixer #1  F13(22.51.5 =40.773
Transfer Pump 11" Mixer #2 Fp(16.51.5 = 41.636

Vel Den Temp Tree Riser 15 Mixer #1 Fp(45.9,.92) = 45.806
Vel Den Temp Tree Riser 15 Mixer #2 Fp(14.1,.92) = 40.825

MIT Riser #18 Mixer #1 & #2  Fpy(33.9.92) = 48.037

MIT Riser #19 Mixer #1 Fp(14.1,.92) = 40.825
MIT Riser #19 Mixer #2 Fp(45.9,.92) = 45.806
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- Design Calculation Title: W-521 In Tank Component Impingement and Deflection Orig: R. Spencer Date:
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Project No. & Title: 4412046, W-521 Advanced Conceptual Waste Feed Checker: D.Clemenss Date: §/26/60
Delivery System UL
SY 102 TANK
New Temp Tree Mixer #1 Fp(16.5,1.08 = 40.817

New Temp Tree Mixer #2 Fn(22.5,1.08 = 42 877

Transfer Pump 32" Mixer #1  Fpy(22.5,3.29 = 49.272

Transfer Pump 32" Mixer #2  F1y(15.7,3.29 = 61.504

Transfer Pump 11" Mixer #1 Fp(22.5,1.5 =40.773

Transfer Pump 11" Mixer #2  Fy(16.5,1.9 = 41.636

Supernate Dropleg Nozzle Mixer #1 Fp(13.5,.879 = 40.844

Supernate Dropleg Nozzle Mixer #3 Fp(25.5, 879 = 46.541

Impingement Forces SY Tank Components
500 500, T T T T

F p{z p» 92) wor i
Al
2 Fp(z p..875)
L% Fplz pr1.08) 300
8 ¥olzp13)

-z F plz 5 3.25)

200

100 -
e .. Pt ot _
10 I I 1 I
10 20 30 40 50
2 Zp 50
Distance from Pump, ft
— DpP=92
e DP=2875
—=  DP=108
— - DP=15
— DP=3.25
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Analysis
Project No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed Checker: D.Clements,. Date:
Delivery System (/‘OC 7 /29/ @

WALL FORCE AS FUNCTION OF U.D,

The equation for the force on the tank wall for a uniform (constant) velocity distribution is given
by:

Fu=(02gJLPA, Ibf (14)

For a non-uniform velocty Equation {14) becomes:

Fu=(p29) U(r2)2dA, Ibf (15)

~In(Ur}) Do Defining t,..« as a function of z Equation (4) above is
K + P used.

Tma2) =2
Ur:=.1 assumption

~In{UR, <— New Expression to getr... = Function of U D,

Tmad?) =2 <
X:= UO'DO X:=16..28 rm(z)
orfEY
— Substituting equation (2) for U(r.z) E _fnp k- X 2 (z) &
equation (15) becomes: Wiz, X) = w I\ z /) . € f

Wall Force, LBf
2]
£
&
s

o 100]6 17 18 19 20 21 22 23 24 25 26 27 28

X
UoDo, sq-fi/s
Fu(15.515.289 = 246.861
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Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig; D. Clemen Date: g/z7/0b
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Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date: {
Delivery System Vanderzanden 9 {z1fo

SECTION 2: DEFLECTION ANALYSIS
Define component properties

Inner diameters of components:

Dy := 19.376in Inner diameter of ALC

Diternp = 15.251n Inner diameter of temperature tree

D;drain := 3.068in Inner diameter of sluice pit drain

Dithermowep = 0.8241n inner diameter of thermowelis

Dy ppp :=4.026in Inner diameter of leak detection pit drain 4" sch 40 pipe

Disludge :=0.824in Inner diameter of sfudge temperature

Diprofile = 3.58in Assume 3 1/2" pipe (top half) to go with impingement force on 4"

assumed 4" diameter pipe.

DyypTT =2.%in VenDenTemp Tree 3" sch 80

Digtemp =5.5in - 2.-;-411 New Temp. Tree 6"

Ditransfer1 1 := 9-75in New Transfer Pump 10" sch. 80 pipe
Ditransfer3z = 30.624in New Transfer Pump 32"

Dirdw :=5.047m ID of Radiation Dry Wells

Dyt :=3.5in — 2.188in IDof MIT's

Ditransferq = 4.026in ID of SY 102 Riser 23 Transfer Pump

Wall thickness of components:

twlemp = -375in Wall thickness of temperature tree .-
twiherm :=0.113in Wall thickness of thermowell '
twarain ;= .216in Wall thickness of sluice pit drain

twalc =.312in Wall thickness of ALC

1L.DPD :=.237%in Wall thickness leak detection pit drain

todudge = -113in Wall thickness Sludge Temperature

tprofile = .216in Wall thickness Profile Temperature

tvDDT :=.}in VD Temp Tree Sch 80 wall thickness
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Analysis ,OQ

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M, Date:
Delivery System Vandemandcn% /M 49 /Z‘Koo |
—— 7 . M
6temp = Pl New 6" temp tree wall thickness

transfer] ] -=.5in New Transfer Pump 10" sch. 80 pipe for 11" pump

transfer3? = .668in New Transfer Pump 32"
trgw = .2581n Wall thickness of RDW
tmit == .188in Wall thickness of MIT

tyansferd = .237in Wall thickness of SY 102 Riser 23 transfer pump

Outer diameters of components:

Dotemp = Ditemp + 2-twiemp Quter diameter of temperature tree

Dodrgin ‘= 3.5in Outer diameter of sluice pit drain

Dotherm ‘= Dithermowell + 2 twiherm Outer diameter of thermowells

Doale = Digge + 2-twale Quter diameter of ALC

DoLpPD :=DiLDPD + 21LDPD Outer diameter of leak detection pit drain

Dostudge = Disludge + 2tsludge ~ OUter diameter of sludge temperature tree

Doprofile = Diprofile + 2tprofile ~ Outer diameter of profile temperature tree
DovDDT = DivpTT *+ 2tvDDT Outer diamter of Vel Den Temp. Tree

Dostemp = 5.5in Outer diameter of New 6" Temp. Tree
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Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig; 3 Clements Date: 9/z Yor

Analysis
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M.

Delivery System Vanderzanden

Date;
%ﬁ Z7 o0

Dytransfer11 = Dyransfer1] + 2-tiransferl 1 Outer diameter New Transfer Pump 10" sch 8

Dytransfer32 = Ditransfer32 + 2 transfer3z Outer diameter New Transfer Pump 32

Dordw = Dirdw + 2-trgw OD of RDW
Domit :=3.51n Outer diamter of MIT
OD of 8Y 102 Riser 23 Transfer Pump

Dotransfers = 4.51n

Moment of Inertia for components:

Lnipe = otcmp ~ Ditemp ) Moment of inertia of temperature tree
Lirain = 1-(Dodmin4 - Didrain4) Moment of inertia for sluice pit drain
64
Kherm ° = (Do,hcm — Dithermowell ) Moment of inertia for thermowells
o 1= — '(Doalc4 —'Dialc4) Moment of inertia for ALC
lopD = - (DOLDPD ~Dyppp’) Moment of inertia for Leak Detection Pt Drain

Iprofile == %.(Dopmﬁ]c“ - Dipmmc") Moment of inertia for Profile Thermocouple

n ( 4 4) P
=—\ D, - Moment of inertia for Sludge Thermocouple
Isludgt: 64 osludge Disludgc

VDTT = é'(DoVDDT4 - DiVDTT4) Moment of inertia for Vel Den Temp Tree
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Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig; D. Clements Date: q/z 7/0(3
Analysis oC
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M, Date:
Delivery System Vanderzanden@ ﬂ 5 /Z7/ao

Istemp = %.(Do&cm p4 - 1}16tcmp4) Moment of inertia for New 6" Temp Tree

_E 4 4
lransfert1 = 64 (Domeﬂll Ditransfer11 ) Moment of inertia for New 11" transfer pump

_x ' 4 4)
Uransfer32 = — "\ Dotransfer32  — Ditransfer32 Moment of inertia for New 32" transfer pump

64

tegse = = Do’ - Digtr’ )

rdw ="\ Fordw T Mirdw Moment of inertia for RDW

it = - Domit” - Dvrr”)

mit == =\ Fomit ~ MMIT Moment of inertia for MIT

I ==~ (n * D, 4)

transferd = o\ Votransferd  — Uitransfer4 Moment of inertia for SY 102 Riser 23 Transfer Pum;

Section modulus for components:

1 1 1 1

ci= ‘E'Do&emp : Cdrain = E‘Dodrain Ctherm = E'Dotherm Calc = ’E'Doalc

1 Dotransfer! i Dotransfer32
Cvdtt = E'DOVDDT Ctransferl1 == T Ctransfer32 == _""""2"“""““"

Dotransfera Doproﬁlc Dordw Domit
Ctransfer4d ==~ Cprofile = ———— Crdw = —_— Cmit -=——0—
2 2 2 2
DoLDPD

CLDPD = 2
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Attachment 1
| Design Calculation Title; W-523 In Tank Component Impingement and Deflection Orig: D. Clements Date: 5{‘/2 7/ 0o
Analysts AO C
Checker: M. Date:

7

| Delivery System

Sétemp = [&Zmp Section modulus of temperature tree
Ldrain Section modulus of sluice pit drain
Sdrain =
Cdrain
Salc = Eﬁ Section modulus of ALC
Cale
I
Stherm = therm Section modulus of thermowell
Ctherm
I
SVDTT = VDIT Section modulus of Vel Den Temp Tree
Cvant
Stransfer] == Jramsfer1 1 Section moduls of 11" New transfer Pump
Ctransferll
liransfer32 . -
Stransfer3y = ————— Section moduls of 32" New transfer Pump
Ctransfer32
I‘Iﬂﬂsfﬂ“ : "
Siransferd ‘= Section moduls of 4" Transfer Pump
Ctransferd
- Jprofile Section modulus of Profile Probe
Sp'oﬁlc
Cprofile
Srdw = Jraw Section modulus of RDW )
W 13
Crdw
o it Section moduls of MIT
Cmit
ILpPD . e
S1.pPD = Section modulus of Leak Detection Pit Drain
CLDPD
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Analysis .C.
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden %{ g g é7 /oo

Cross sectional area of components:

Agtemp = ‘E'(Doﬁtcmpz - Di&cmpz) Cross-sectional area of temperature tree
4

Adrain = E'(Dod.rainz - Dsmz) Cross-sectional area of sluice pit drain

4

=T 2 2 .
Atherm = I'(Dothcnn — Dyihermowell ) Cross-sectional area of thermowell
n 2 2 .

Ay = :‘(Doalc - Dhale ) Cross-sectional area of ALC
Avdtt = E'(DoVDDTZ - DiVDTTz) Cross sectional area of VDTT

4
Agapsferl1 = E.(Domfcr” 2. Ditrensferl ] 2) Cross sectional area of 11" Transfer Pump

4
Atransfer3y ©= f-(Domfcmz - Qmecﬂzz) Cross sectional area of 32" Transfer Pump
4
Atransferd = E.(Domsfmz - Dimfmz) Cross sectional area of 4" Transfer Pump
4
d 2 2 .
Aprofile = ;-(Dopmﬁ]c = Diprofile ) Cross sectional area of Profile Probe
=X 2 2 c ctional f RDW
Ardw - Dordw — Dirdw ross sectional area o
=1 2 2 c jonal f MIT

Amit = T Domit — IAMIT ross sectional area o
Aldpd = E'(DoLDPDz — DSLDPD2) Cross sectional area of Leak Detection Pit Drain

4

B-81




RPP-7069, Rev. 0

DESIGN CALCULATION SHEET Calc. #:ME07

Form EP-3.3-2F Rev: C
HN DTEAM Page: 33 of 69 +
Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Ong: D. Clements Date:g7/2 ;/m
Analysis @’C/ -
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden w 4] 9 / L?ép o

Limit load shape factor {Julyk 1997) for components:

3 3
16 (Dod.rain ~ Digrain ) Limit load shape factor for sluice pit drain
Kidrain= ;‘;'Dod.rain' 7 ”
Dodrain  ~ Didrain
3 3
16 (Do!hcrm ~ Dithermowell ) Limit load shape factor for thermowelis
Kitherm = 3—I'Dothcrm' 2 P
Dotherm — Dithermowell
(Dute” ~ D’
D —_ .
=16 ADotemp _~ Ditemp Limit load shape factor for temperature tree

4 4
Dolcmp - Ditcmp

6 (D } - D 3)
Kiale = o Dpgle o < Limit load shape factor for ALC
3 4 4
B Doale  — Diale
' (D - Dip 3)
16 oLDPD PD Limit load shape factor for Leak Detection Pit Drain

Kidpg = 3_‘D0LDPD'

4 4
DoLppp — DiLprD

(D ﬁ1c3 = Diprofile 3)
ke i Limit load shape factor for Profile Thermocouple

16
=—D,
K!proﬁlc 3x oprofile 4

4
Doprofile — Diproﬁle

(Destodge” - Distudee )
Kisludge = 16 osludge’ pdge ad Limit load shape factor for Sludge Thermocouple
Ix

Dosludgc:4 - Dis]udgc4

3 3
Dovoor” - Dvprr’)
( oVDDT _~ DAvDTT Limit load shape factor for Vel Den Temp Tree

16
KivDTT = }_I'DOVDDT' p y
DovDDT ~ DyvDTT
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Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D, Clements Date: q/& ?’oo
Analysis O-C
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden ?&{ 1) 9 1277/

3 3
(s’ -po?)
Kigtemp = 3]—6.D06wmp- oSternp Qﬁtmpd Limit load shape factor for New 6" Temp Tree

4
Doétcmp - DiGtcmp

Limit load shape factor for New 11" Transfer pump

3 3
16 (Dotransferll ~ Ditransfer1 1 )

Kitransfer11 = 3, Dotransferl1”

4 4
Dotransfer1l  — Ditransfer1 1
Limit load shape factor for New 32" Transfer pump

3 3
(DotmnsferSZ — Ditransfer32 )

16
Kitransfer32 := —Dotransfer32-
3n 4 : 4

Dotransfer3? — Ditransfer32

(-3
ordw = irdw Limit load shape factor for RDW

4 4
] Dordw — Dirdw

16
Kirdw = —Dordw-
3x

3 3
Domit” - Dovrr)
Kjmit = E'Domit' ( omit_~ DimrT Limit load shape factor for MIT
3x 4 4
Domit - DimrT
<y
16 (D transfers” — Ditranst 43) Z Chu
Kitransferd := ;—;-Domfeﬂ. e y Htranster y ’I:.;mlt I;gcfr shapfe f.‘-ll:ctor for SY 108
Dotransferd” — Ditransferd iser 23 Transfer Pump

Maximum forces for components from Section 1 at 70% Speed:

Pyic :=1701bf Pac3 = 1011bf Prain = 81-Ibf

Palcz = 167.1bf Pa|°4 = 97lbf Plcmp = 4516F
Piherm = 49 1bf Pyerms = 41-Ibf

Plhcrm2 =48 lbf Pﬂlm := 40:1bf Ptmnpsludge =48 1bf
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig:‘é)c.’Clemenls Date: q/z;/oo
Analysis

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date; .
Delivery System Vanderz.anden%/u 4/‘2,7/00

Lengths of moment arms for components:
Liperm :=27-in Moment arm of thermowell assumed at end of ALC where supported.

L.:=52in+ 167in  Length of riser for leak detection pit drain pipe.

Lgrain == 394t Length of siuice pit drain pipe.

Ludrain = Larain Moment arm of sluice pit drain

Liemp = 56.8ft

Lutemp = Ltemp Assume momemt arm of temperature tree is length of tree

Ly = 52t Conservative longest length ALC

Lippp =341 +A8-%-in Length of leak detection pit drain

Lutdpd =LippDp + L1 Length of moment arm for leak detection pit drain

Lorofile == SOt + 7-%-in Length of 1 of the 3/4" profile iegs

Lijudge := S0t + 7.%411 Length of sludge leg without stiffener

LyptT = 53.6ft Length of Vel Den Temp. Tree

Lyt := 5481t Total Length of MIT

Liransfer == 45t Moment arm of SY 1 02,1" Riser 23 Transfer Pump
S
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- Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig:d). Clements Dale:q/z,/(y_)
Analysis C
Project No. & Title: 4412046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden'%( 1} 9 /Z"l fc:v

Locations of deflection evaluation from end of component:

Ziherm *= O-in Zgrain -= 0in Ziemp ‘= Oin Zg)c =0

7 ppp = Oin Zgudge = 0in Zyrofile = 0-in zyprT =0

Determine deflection of components from maximum forces at 70 % speed.

Deflection formula from Roarke 1865 assuming constant structural cross-sectional properties foi
cantilever beam with lateral end load.

AY TANK THERMOWELLS

" ___l Ptherm
therm - 6 Elporm

3 2 3 .
(Zlhcrm ~3-Ltherm Ztherm + 2-Ltherm ) Utherm = 0-29%n

1 Ptherm2

u =
therm2 6 Elpern

3 2 3 .
(z{hcrm = 3-Liherm Zherm *+ 2Ltherm ) Utherm? = 0.293in
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig; B Clements Date: q/z 7/(”
C

Analysis
Project No. & Title: 4412-046, W-523 Advanced Conceptual Wasle Feed Checker: M. Date;
Delivery System Vanderzanden %{W ?/ 71 /00
1 Ptherm3 ( 3 2 3) .
Utherm3 -= E‘F:—I-——_ Zherm — 3'Ltherm Zherm + 2 Ltherm Uherm3 = 0-25n
1 Ptherma ( 3 2 3) :
Ythermd == 7° \Ztherm — 3Ltherm” Zherm + 2 Ltherm Uiherm4 = 0.244n
6 Elperm
AY TANKS ALCs
1 Pac 3 2 3) :
do = E.E'—Ia]c.( ¢ —3Llae Zae + 2Lac ale = 0.508in
1 P2 3 Ly +21y 3) U1y = 0.49%n
ale2 6 EL c c Zalc c ale2 = Y-
1 Pakes .
ale3 = _'_‘(Za]c -3 ]-a]c Zge + 2-Lye ) Uyc3 = 0.302m
6 ELj.
1 Palcs 3 ) )
o1 Taled 3 .2 U4 = 0.29in
alcd 6 El, c Lic Zae Lae alcd
SLUICE PIT DRAIN
Plgrain = 81 1bf
1 Pldrain 3 2 3 .
Ydrgin ™= = Zdrain — 3Ludrain Zdrain + 2 Ludrain Ydrain = 31.63m
6 E'Idmm .
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Design Calculation Title: W-523 In Tank Component Inpingement and Deflection Orig;
Analysis

%’ gements Datczq /27 /0 2

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;
Delivery System Vanderzanden W 4/ 9/ 27 /C:o
AY TANKS LEAK DETECTION PIT DRAIN Pl ppp := 43.51bf
i PlLppp 3 2 3 .
ULDPD =< '(ZLDPD - 3-LipPp @DPD + 2LLDPD ) uLppp = 4.905m
6 ElLprp

P2 ppp = 45.71bf

3 2 3 ,
WIDPD =7 55— \ZDPD ~3LiDPD ZDPD + 2LiDPD ) w2 ppp = 3.154in

SY TANKS VEL DEN TEMP TREES

Riser 3, Mixer #1 Plyyprr :=47.81bf Riser 3, Mixer #2 P23ypTT = 41.81bf
Riser 15, Mixer#1  P1ygypypr == 45.81bf Riser 15, Mixer #2  pa; cypyry = 40.81bf
1 Phvprr 3 2 3 !
vl3ypTT =< \ZVDIT ~3LvDTT ZvDTT * ZLvDTT ulzvprT = 37.542n0
6 ElyprT
1 P23vp1T 3 2 3 -
W23vDTT =~ o \ZVDTT — 3LvDTT 2vDTT + 2LvDTT uZ3ypTT = 32.82%0
6 ElprtT
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Attachment 1
Design Calculation Title: W-523 In Tank Compenent Impingement and Deflection Orig: Déflemenls Date: 4 /27/0 )
Analysis L
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;
Vandetzandcn/h;( /U Q / ya /aa

Delivery System

NEW 6" TEMP. TREES

AW TANKS
P1 = 40.71bf =52t Moment Arm{B2-ftminus TOftTisET)"
awbtemp Létemp . ; /21 I“""
=0 Location of Analysis
P2awstemp = 42 LIbf Zstemp = 0-in ys
1 Plawstemp 3 2 3) . 3998
ulawetemp ===\ X6temp — 3'L61emp Zgtemp 2-Lstemp Ulawdtemp = -
6 Elgiemp
1 P2awotem 3 2 3 .
u2awhtemp = _'_—p'(z(itcmp ~3Letemp Z6temp + ZLstemp ) uZaw6temp = 3-33%m
6 Elgtemp
SY TANKS
Plsystemp = 40.81bf Ltemp = 524t
=0i Location of Analysis
P2eystemp :=42.91bf Ztemp = 018 ys
1 Plsystemp 3 2 3) I — 3.936m
Ulsybtemp == " \Ztemp ~ 3-Létemp Ztemp + 2-Lstemp Ulgysternp = -
6 Elgtemp
1 P2system 3 2 3 .
W2syétemp 1="'""—"2$y6""“9*'(26tmp —3-Lotemp Z6temp + Z'Lotemp ) W2gybiemp = 3-403n
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Antachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: Do(i_l/emems Date: q/z?loa
Analysis ,
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;
Delivery System Vanderzanden %( 4 g / 7,7/610
AY TANKS
P1} sdayStemp := 45 Ibf P2} 5day6temp = 41.31bf Letemp :=52ft  Moment Arm
P1]5hay6temp = 48 Ibf P2} Shaystemp = 48 Ibf Zgemp =0in  Location of Analysis

P1}5)ay6temp := 41.41bf P2} Slay6temp = 45 Ibf
P13 5pay6temp = 48 Ibf P2} Spaytemp =48 1bf

P1}5aaybtemp := 41-1bf P2| Saaystemp = 47-Ibf

1 Pli5aaystemp 3 2 3) :
vl saay6temp = E-m'(%tmp = 3 Lstemp Ztemp *+ 2Létemp ul|5aaytemp = 3.252n
_ 1 P2150ay6temp ( I_g 2 5 3) 2 — 3.728in
u2] 5aay6temp = gm Z5temp ~ Létemp Z6temp + 2 Létemp 15aay6temp = -
1 Plysdaybtemp 3 2 3) .
ul}sdayétemp = s E I \Z6temp — 3Létemp Z6temp + 2 Létemp ul}5daystemp = 3-56%n
“otemy
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Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D. Clements Date: ?/2 ;/00
Analysis &.c
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden W /u / Q27 /0 [3)

P2 Sdayblemp

! 3 2 3 .
U2} 5dayttemp = ry Elstemp '(zﬁtcmp = 3Létemp Z6temp T 2 L6temp ) U2y sdayGtemp = 3-276i0

1 Pljshay6temp ( 3 2 3) ,
ul} shaystemp :=E'_"Em)_' Zotemp — 3Letemp Zotemp + 2 L6tcmp ul} shay6temp = 3-807in
1 P2ispaystemp ( 3 2 3) .
meem—— \%temp 3'lﬁtcmp Zgtemp + 2'L6tcmp “215hay6tcmp = 3.807m

1 Pl siay6temp ( 3 2 3) .
1 5lay6temp = E.Tlétc—-;p;_. Zgtemp  — 3'Ltemp Z6temp *+ 2-Ltemp uly slaygtemp = 3-284in

1 P21 514y6temp ( 3 2 3) .
u21513y61cmp g m ZStemp 3'L6!cmp Z6temp 2']-‘61emp “21513y61cmp = 3.56%m

1 Plyspay6tem ( 2 3) .
uly spaystemp = re Epﬂyﬁ . - 3Lotemp Z6terap + 2'Letemp ]y spay6temp = 3.807m
Yotemp
1 P2yspaysiemp 3 2 3) 2 3807
U2 spaybtemp = % Bl Zgtemp  — 3 'Létemp Zotemp * 2 Lgtemp 15pay6temp = ~-oV/10
Istemp
NEW 11" TRANSFER PUMPS
AW TANKS Liransfer1] =46t  MomentArm
Plawtransferi? :=41.61bf Zgansfer = 0-in Location of Analysis
P2awtransferi1 :=40.81bf :
1 Plawtransferi 3 2 - 3
ulawiransferl1 = = —————"\ Zransfer ~— 3 Litransfert1  Zransfer + 2-Ltransferil
6 Elgansferil

ulgwransfer11 = 0.37%n
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Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D_ Clements Date: q/z 7/03
Analysis QC/
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;
Delivery System Vanderzanden YAV 9 1 @

1 Pawtransferii

W2awtransfertl = ="

3 2 3
fyansfer — 3L4ransfer1] Zransier + 2-Lransferii )
6  Eltransfer1]

u2awtransfer11 = 0.372in

SY TANKS
Ltransfersy11 ;=47  Moment Arm

Plgytransferi1 :=49.31bf

Ziransfer o= 0-in Location of Analysis
P2ytransfert? = 61.51bf
ul _ 1 Plywansfer1 ( 3 5 2 v 3)
sytransferll = P “"—"‘_—“EI 1 Ziransfer LiransferSY11 Zivansfer LtransferSY11
Blsytransfer11 = 0.48in
1 Phytransfer! 1 3 2 3
Wsyiransferil = —”“"'—"“‘_"‘"'(Ztmnsfer — 3LyyansferSY11 Zransfer + 2 LiransferSY11 )
6  Eliransfer11
Wyransfer11 = 0.59%in
AY TANKS
Lyansferl] = 46ft+ 1.in  Moment Arm
Playtransfert1 :=40.81bf Zransfer = 0+in Locetion of Analysis
1 Playu-ansfcrll

3 2 3
= -—'-—"—"—""(Zumsfgr - }[ﬂansfcﬂl Zransfer + 2'[{[31151‘51'11 )

Ul aytrapsfer11 = 0.374in
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection

Orig; Dﬁclimems

Date: :}/z;/w

Analysis
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Datg:
Delivery System Vandcmandcn% 1/ é/ 2—7/5’0
NEW 32" TRANSFER PUMP
AW TANKS Leunsferaz =46/t Moment Arm
Plawtransfer32 = 59.41bf Zransfer = 0-in Location of Analysis

Pawtransfer32 = 49-31bf

1 P Iawh-ansfe1'32

3
Ulgwtransfer32 = g'_'é_"_r_'(ztransfcr
Itrans er32

2 3
= 3-Liransfer32” Zransfer + 2'Ltransfer32 )

“lawn'ansfcr32 =0.014in

1 PZoytransfer32 3 2 3)
Wawtransfer32 = T o\ Zrmsfer . — 3 Ltransfer32” Zransfer 2-Larapsfers2
6  Elpansfers2
UZgwtransfer32 = 0.012in
SY TANKS
LuansfarSy11:=47-ft Moment Arm
Plsytransfer3z := 40.8Ibf
Zransfer := 0-in Location of Analysis
Plgytransfer32 = 41.61bf
Ulsytrans L ferd2 (ztransf 3 3-Liransf lzztransf + 2-Lyran, ferSYllB)
fer32 =————— er > erSY1 er d S
76 Elanstert
ulsytransfer3z = 0:397in
1 P2sytransfer32 3 2 3
U2sytransfer32 = —'__'(Z{mnsfcr = 3 LiransferSY11 Zransfer + 2-lransferSY11 )
6  Elransfer11

“zsytransfer32 = 0.405in
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Attachment ]
Design Calculation Title: W-523 In Tank Component Impingement and Deflection QOrig: D. Clemenis Date: 7/2100
Analysis gc
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;
Delivery System Vanderzanden ‘WY A/ ﬁ?/éo
AY TANKS

Liansfer1] =461+ 1.in ~ Moment Arm

Playtransfer3z = 49-31bf Zransfer = 00 Location of Analysis

1 Playtransfer32 3 2 3)
Wlgytransfer32 = 7 o "\ Zransfer — > Ltransfer] 1 Zransfer + 2 Ltransfer11

“]aytransfer32 =0.012n

AY TANKS RADIATION DRY WELLS
Lrdw = 45.7ft Moment Arm
Pl4ardw :=47-1bf P214ardw = 41.41bf

ez (O Location of Analysis
Pligbraw = 41.41bf P214brdw = 47-1bf Zraw = 010 ys

1 Pligardw 3 2 3)
ul14ardw == g"“é“"“_'(zrdw = 3Legw Zdw + ZLrgw )
Irdw v} 4ardw = 5-876in
1 P214ardw )
U2 4ardw = "'"""_'(zrdw -3 erw Zrdw + 2 Lygw
6 ElLgw u214ardw = 5.176in
1 Pligbrdw 3 2 3
ul fabrgw = _‘—_'(Zrdw —3Lgw Zrdw + 2-Ledw
6 Elgdw ulidbrdw = 5.176in
1 P2Zigbraw )
821 4brdw = ( Zgw — 3 Lrdw Zrdw + 2Lraw _
6 EIrdw V21 4brdw = 5.876in
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Attachment 1
Design Calculation Title: W-523 In Tank Compoenent Impingement and Deflection Orig: D. Blemenls Date:g /2 ?’0()
Analysis C.
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vandetzandcm@ 9 / 37/00

SY TANKS MULTI-FUNCTION INSTRUMENT TREE

ZNHT =0m
Riser 18 SY-101 P1ygmit := 48 Ibf Riser 18 Mixer #2 SY-101 P2} gmit := 48 Ibf

Riser 19 SY -101 Plygmit ;= 4L1Ibf Riser 19 Mixer #2 SY-101 P2 it := 44.9Tbf

1 Pligmi 3 2 3)
ulygmit = 6 Bl (ZMIT = 3-Lit” 2v1T + 2Lt ulygmit = 58.30%n
t

1 Plyomit
ulygmijt :=— (ZMIT S 2'Lmit3) ulgmit = 49.804in
6 Elg
1 P2yomit 3 2 3 .
21 9mjt = _“_'(ZMIT = 3Lmit” vt + 2Lt ) u2yomit = 54.541lin
6 Elp
Determine deflection at end of riser . .
: Zyit = 465.5in + 2%in
1 Pliomi ( 3 2 3 )
Uhomit = < ———\Zmit" — 3Lmit” Zmit + 2Lt ) uly9mit = 4.216mn
6 El;i
Determine deflection assuming moment arm is at bottom of riser
¢ Lyt :=465.5in + 29-in
1 Pligmit 3 2 3 !
uly gmit = ‘“"‘“‘“““‘"""(MT - 3Ivgr 2vrT + 2LMaT ) ulygmit = 24.793n
6 Elpi
P1yomit ;
ulygm;t == l-—'(?wrs—fi'mzm +2’LM]T3) uljgmit =21.178n
6 Elnit
1 P219mit 3 2 3 )
u219mit Fg'"ﬁ-_“-(mu“ = 3Lyt "avar + 2Lmar ) u219mit = 23.192n
" Imiat

Determine deflection of components from maximum forces at 100% speed.
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H N DTEAM Form EP-3.3-2F

Design Caiculation Title: W-523 In Tank Component Impingement and Deflection Orig; D. Clements Date: @/27/00
Analysis D.C

Project No. & Title: 4412-046, W-523 Advanced Concepiual Waste Feed Checker; M.

Delivery System Vanderzanden 40(4) g [ 2—7/60

Maximum forces for components at 100% speed from Section 1

Pye100 = 6081bf Pacsog = 3521bf Pgrain] 00 = 276 1bf
Pojca00 = 609 1bf Paicq00 := 336 1bf PtcmplOO = 87 1bf
Pﬂlcrml on = 148 lbf PLh:rmBOO =99 lbf
Piherm200 := 1451bf Pihermano = 96 Ibf Ptcmpsludgc]OO = 1411bf
AY TANKS THERMOWELLS
1 Ptherm100 3 2 3 )
Utherm100 = _‘_"“""'"'(Zthcrm = 3-Ltherm Zherm + 2-Ltherm Utherm100 = 0.904in
6 Elherm
1 Ptherm200 3 2 3 .
Utherm200 -~ gT(%eml - 3 Ltherm Ztherm + 2-Ltherm Utherm200 = 0-886n
“Itherm
1 Pitcrm300 ( ) .
Utherm300 T L erm = 3-Liperm” Zherm + 2 Linerm Yiherm300 = 0.605in
therm
1 Pthermaoo ( ) )
Utherm400 = Py Elporm crm -3 L!henn Ziherm + 2-Liherm Uthermaoo = 0.586in
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Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D, Blzmems Date: q/z-ifoo
Analysis i
Project No. & Title; 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. /ﬂ Daté
Delivery System Vanderzanden W / 2,7/01_\
AY TANKS ALCs
1 Patc100 3 2 3 _
Valc100:= =~ Zalc — 3-Laic Zalc+ 2 Laic Ualc100= 1.81%n
6 Ely
1 Palc200 ¢ 3 2 3 .
Ualc200= = ———\Zalc — ¥Lalc Zalc+ ZLaic Yalc200= 1.81%n
6 Elyy
1 Pale300 3 2 3 .
Ualc300:= —- \zalc — 3lale Zalc+ 2-Layc Ualc3pp = 1.03lin
6 Ely.
1 Pajeaco ¢ 3 2 3 .
Balcd00= = T \Zale ~ Flalc Zaic+ 2lalc Uale400 = 1.003m
6 El
SLUICE PIY DRAIN
1 Parin100 3 2 3)
Wdrainl00°= -\ Zdrain ~ 3'Ludrain Zdrain * 2'Ludrain Udrain100 = 107.778n
6 Elyrain
NEW 6" TEMP. TREES
AW Tanks
Plawétemp100 = 803 Hbf Létemp =52t Moment Arm

P2 100 := 88.7.1bf Zotemp = 0-in Locatien of Analysis
temp =004

i PIaWﬁtemplOO

3 2 N .
Ul w6temp100 = 7 '(ZGicmp ~ 3 Letemp Ztemp + 2 Létemp ) ulzutemploo = 6.37in
P

1 PZawstemp100 3

2 k) .
U2awtempl00 =~ ——1 "\ Z%temp ~ 3Letemp Zstemp + 2-Lotemp ) v2awetemp100 = 7.035n

6  Elgiemp
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Attachment 1
Omng: D. Clements Date: -
B f23fe0

HNDTEAM

Design Calculation Title: W-523 In Tank Component Impingement and Deflection

Analysis

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:

Delivery System Vandcrzanden%( 7} 4/ ?_7/0:‘)
SY Tanks

Plsy6temp100 = 88.71bf Létemp =52t Moment Arm

Location of Analysis

P2sy6templ00 :=80.31bf %temp = 0-1n
__ 1 Plsystemptoo ( 3 2 3) .
¥l sy6templ00 :"g‘_E—""‘_ Zotemp ~ 3Létemp Z6temp + 2'L6temp Wgystempl oo = 7.035m
I6t¢:m
1 P2systemp100 3 2 3) .
= ‘(z()temp - 3'16temp Ztemp + 2-Létemp “2sy61emp100 = 6.36%n
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Attachment ]

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D. Clements Date: » /27 /ob

Analysis 0-0

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;

Delivery System Vanderzanden ‘M7 4/z7/o0

AY Tanks

Pli sdaystemp1 00 =88If  P2y5461emp100 = 102.91bf Layggemp =52t Moment Arm

Ply shaystemploo :=8LIbf P2 spaugiempion = 81.61bf

Pl] sh},ﬁmplm = 103.51bf P21 Sla)ﬁlanploo =88 1bf

Plyspaybtempl00 =81.61f  P2yspavciempiop :=81.1bf

P} Suay6temp100 = 98.91bf P2 500vg1emplog 1= 78.81bf

1 Plysaaystemploo 3 2 3)
“IISaayGtcmpIOO :=E'_"é_"'l;t—"p_' “6lemp - 3'161emp Z61emp + 2'Lstemp
cmp

Ztemp = 0'in Location of Analysis

U1} Saaybtemptoo = 7-844in

1 P2)53ay61emp1 00 3 2 ' 3)
U2} Saaystempl 00 = ==t Zgtemp~ — 3Lotemp Zotemp + 2 Letemp
6 E I~6tt:7mp

U2} 5aayGtempl00 = 6-25in

1 Plysdaystemp1oo 3 2 3)
1) 3day6temp1 00 = Bl E Zotemp ~ FL2Y6temp Zotemp + 2-LaY6temp
cmp

ul 1 5day6templ 00 = 6.98in

1 P2 54ay61emp100 ( 3 2 3)
U2} Sday6templ 00 = P El(,l t. = Ztemp ~ 3-Létemp Ztemp + 2 Lstemp
emp

U2 54ay6temp1 00 = 8.162in

»
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Attachment 1

Design Calcutation Title: W-523 In Tank Component Impingement and Deflection Orig: D. Clements Date: 7/2 Yoo
Analysis £.C

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;
Delivery System Vandcrzandenﬂﬂ[ﬂ ? /2,'7 éa
1 P115hayétempl00 3 2 3
ul}5haybtempl00 = —- -\ Ztemp ~ 3-Laystemp Zotemp + 2 LaY6temp
6 Elﬁtcmp
ulq5haystempl00 = 6-425m
1 P215haystemp100 3 2 3
2] Shaybtempl00 = = —————— —\ Ztemp — 3létemp Z6temp * 2-Lotemp
6  Elsiemp
2} 5haybtemp100 = 6.472m
1 Pli5lay6temp100 3 2 3
ulSlay6templ00 =~ =——7—— ——\ Zotemp ~ 3-L2Y¥¢temp Ztemp + 2-L8Y6temp
6 E Istemp
ul}5laystemp1oo = 8.20%n
1 P2151ay6temp100 3 2 3)
u215)ay6templ00 =T = "\ %temp ~ 3Lotemp Z6temp + 2-Lotemp
6  Elgtemp
u2) 5]aytempl00 = 6-98in
ul 2 _______P115pay6lcmp100 26 3 3.-Layg 276 + 2-Layg 3)
15 templ00 = =~ \ 261 - tem tem) g tem
paybtemp 6 E Lgtemp emp p p p
1 P215pay6temp100 3 2 3
u2] 5payétempl00 == A Z6temp — 3-Ltemp Z6temp + 2-Letemp

6 Elstemp
U2} 5paybtemplo0 = 6.432n
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Antachment |
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D. Clements Date:.?/z 7/00
Analysis oC
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vandemndcndé(/u 4 / 21 [00
SY 102 RISER 23 TRANSFER PUMP .
Zransferd = 010
Pliansferaon = 87.61bf P2ansferaop = 102.51bf
1 Plyransferaco 3 2 3
uliransfera00 = _‘_""'—'(zmmsfcﬂ = 3-Lyansferd” Zgansfers + 2 Lransfera )
6  Elpansfers
ulmsfc.moo =21.922%n
1 Pransferano ( 3 2 3)
Utransferd00 ‘= =\ Zransfer4 — 3Ltrunsfer4” Zransferd *+ 2 Liransferd
6 Elyansfers
U2transfera00 = 25.65in
NEW 11" TRANSFER PUMPS
AW Tanks -]_ﬁ,mfem =468 Moment Arm

Plawtransfer1 100 := 105.71bf
Zgansfer := 0-in Location of Analysis

P2awtransfer1100 -= 89.4 Ibf

1 Plawtransfer1100 3 2 3)
ulawiransfer] 100 = E_E""“‘;T Zransfer — 3-Ltransfer1] Zransfer + 2-Ltransferi ]
ltransfer

ulawtransfer] 100 = 0.964in

3 2 3
U2awiransfer1100 = ET—"';";'I"" Zransfer — 3-Ltransfer11 Zransfer + 2-Mransfer!1 )
lransfer

U2awtransfer] 100 = 0.815in
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig‘:é)CClemems Date:g /25
Analysis .

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden MU ’[‘(7,7 bo |
SY TANKS

Liransfersy1] :=47-ft  Moment Arm

Plsyiransferl 100 := 147.61bf

Zransfer = 0-in Location of Analysis
P2 yiransferi 00 = 199.91bf
1 Plyyansfer1100 3 2 3)
Wsytransfer1 100 = g'—g“l‘_"‘r_“_"‘(&msfa = 3-LiyansferSY11~ Zransfer + 2 LiransferSY11
transier
Ulsytransfer1 100 = 1-436in
1 Phyieansfert100 3 2 3)
Wgyiransfer 100 g'—Ef'-Tl';—- Ziransfer — 3-LtransferSY11” Zransfer + 2 Leransfersyi1
transier
uzsyﬁ'ansfcrllOO = 1.945in
AY TANKS Lyransfer11:= 46 ft + 1-in Moment Arm
Playtransfer1100 = 89.81bf Zeragsfer i= 0+in Location of Analysis
1 Playtransfert 100 3 2 3
B aytransfer1 100 := ———=—————| Zransfer — 3-Utransfer11” Zransfer + 2-Ltransfer11

6  Elganster1|

“layuanstrl 100 = 0.824in
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Ong: Bflemenls Date: o /27/05
Analysis

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Daie;
Delivery System Vandelzandcn%(/u ?/ 17/00
SY 102 RISER 23 TRANSFER PUMP .
Zyansferq = 010
Pliransferago = 87.61bf P2 ransferaon = 102.5Ibf
1 Pliransfer400 3 2 3
ltransferd00 = _"""‘__"“"‘(zh'ansfcﬂ — 3-Liransfer4 ” Zransferd + 2 Luransfers )
6 Eliansferq
UIM&T400 =21.92An
1 P2iransfer400 3 2 3
U2transfer400 *= "'_"_“__'(Zu‘ansfcr-d = 3-Ltransferd” Zransferd + 2 lransfera )
6  Elyansfers
W4ransfer400 = 25.65n
NEW 32" TRANSFER PUMP
AW Tanks Liransfer3? :=46ft  Moment Arm

Plawtransfer3200 = 191.51bf Zyansfer = O-in Location of Analysis

P2awiransfer3200 = 147.61bf

3 2 3
ulawiransfer3200 = — ———————-\ Zgansfer — 3 Ltransfer32 Zransfer + 2-Ltransfer32 )

ulawiransfer3200 = 0.046in

3 2 3
U2awiransfer3200 = = —————— "\ Zransfer — 3-Ltransfer32” Zransfer + 2 Laransfer32 )

U2awtransfer3200 .= 0.035in
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection OngAé) Clements Date: 4 /zy/a-;
Analysis

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden W]~ 9}27/s0
SY TANKS

Lyansfersy1] = 47ft  Moment Arm
Plyytransfers2o0 = 89.41bf . .
Ziransfer -= 0-in Location of Analysis

P2y iransfer3200 = 105.71bf

! Plovtransfer3200 3 2 3
Usyvtransfer3200 ==~ \Zransfer — 3 LtransferSY11” Zransfer + 2-LiransferSy11 )

“lsytransfcr3200 =0.87in

1 Pysytransfcr3200 3 2 3)
Wovtransfer3200 = = TBL . \Ammsfer " 3-LiransferSY11~ Zransfer + 2 LiransferSY11
transfer] 1

W25 transfer3200 = 1-028in

AY TANKS Leransfer] 1 = 46-ft + 1.in Moment Arm
Playtransfer3200 = 148.71bf Zransfer:=Oin Location of Analysis
1 Playtransfer3200 )
Ulaytransfer3200 = 8 Elomamrs fer -3 Iuansrern Yransfer + 2 Lransfer1l
IUBIIS €T.

uaytransfer3200 = 0.036m

AY TANKS LEAK DETECTION PIT DRAIN P} ppp := 88.61bf
1 PliippD 3 2 3 : .
UL DPD100 = —'—""_‘(ZLDPD -3Lippp 4DPD + 2L1DPD ) uLpPDI100 = 9-991in
6 ElLppp

Py ppp :=78.31bf

1 P2ppD ( 3 2 3 )
u2] DPDIOO = —-—5—' 4 ppp —3Llippp ADPD + ZLLDPD w21 DPD10o = 8-83in
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Attachment 1
Design Calculation Title: W-523 In Tank Component impingement and Deflection Orig: D. Clements Date:
Analysis d)C, ‘?/ 27/ o0
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vandc:zanden/k/(qj 1/ 160

AY TANKS RADIATION DRY WELLS
Ligw = 45.7ft Moment Arm

=01 Location of Analysis
Plygoobedw = 103.51bf P2y 4001w = 78.71bf Zrdw = 0-n ys
1 Pligooaraw 3 2 3
U11400ardw = g‘E_'(zrdw = 3Lodw” Zraw + 2-Lraw )
i uly400ardw = 9-84in
1 P21400ardw
W21400mdw = E'T——‘( et = Lacw 2 + i)
fraw 021 400adw = 12.94lin
1 Plisgobrdw 3 5 3)
uly 400brdw = g’"“‘é_— Zaw — 3FLidw Zaw + 2Lpgw
frdw ul 400brdw = 12-94 lin

1 P21400brdw 3 2 3
U27400brdw = T (z,dw ~ 3 Lygw" Zrdw *+ 2 Liaw )

6 Elgw 121 400brdw = 9-84in

Determine deflection 30 ft from bottom of RDW
mpw =30t

1 P24500ardw 3 2 3
U2 400ardw = ""'-‘_—'(ZRDW = 3Lrgw” ZRDW + 2'Lrgw 22 2 025
1400ardw = 2.
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig:é)CClemcnls Date: 9/27/00
Analysis L
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Datg;
Delivery System Vanderzanden ‘WYY 9{z7/00

SY TANKS MULTI-FUNCTION INSTRUMENT TREE

Riser 18 SY-101 P1800mit := 81-1bf Riser 18 Mixer #2 SY-101 P21 800mit := 81-Tbf

Riser 19 SY -101 P14900mit := 88.61bf Riser 19 Mixer #2 SY-101 P24900mit = 87.}1bf

1 Pl1800mit
ul1800mit = <

(ZM}T3 ~ 3L 2T + 2'11111'(3) ul1800mit = 98.393in

1 Pl1900mit
u11900mit == = .

— " (vt - 3Lonit 2T + 2-Lmit3) ul1500mit = 107.6250
6 Elny

1 P21900mit
¥21900mit := = s

(ZMIT3 - 3'1mi122M}T + 2'Lmit3) u21900mit = 105.803n

termine deflectio nd of ri
Determin nate f riser 2t = 465,50 + 29:in

1 Pl1900mit

ul1900mit = —

3 2 3 .
’ '(zmit = 3-Lnit ?mit*‘z'l-mit) ul§900mit = 9.11in

j i i i ttomn of riser .
Determine deflection assuming moment arm is at bo o = 465.5in + 29in

1 Pl1goomit 3 2 3 ]
uhsoonm'-f-g‘m-(m = 3Ly 2viT + 2T u11800m;t = 41.83%n
1 P11900mit 3 2 3) :
“11900nﬁt3=g'—é‘l_f;‘”‘(le'l' - 3-LyviT vt + 2Lvir u11900mit = 45.764in
it}
1 P21900mit 3 2 3 :
v21800mit = ¢ =g \AT - 3IMIT 2Mir + 2 b uZ1900m = 44.9%0
mit

B-105




RPP-7069, Rev. 0

DESIGN CALCULATION SHEET Calc. #ME-07
Form EP-3.3-2F Rev. C
H N DTEAM Page: 57 of 69 +
Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: B Clements Date: g /2 7/00
Analysis C
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden 4“ 4} g9 / 2.7 /00

SY TANKS VEL DEN TEMP TREES

Riser 3, Mixer #1 Pl300vDTT = 84.11bf Riser 3, Mixer #2 P2300VDTT := 104 1bf
1 PlsoovDTT 3 2 3 .
ul3povDTT = ———\zvD1T - 3-LvDTT 2VDTT + 2LVvDTT ul3p0vDTT = 66.052in
6 EIoDTT
1 P2300vDTT 3 2 3 )
u2300VDTT = 5 Ehprr \AVDTT - 3LvpTr 2vDTT + 2LvDTT u2300vDTT = 81.681in

1 PlisoovD1T

' 3 2 3 .
ul1500VDTT == —-—-——-—--(ZVDTT - 3-LvpTT 2vDTT + 2LvDTT ) uly500vDTT = 69-272in

6 ElyprT

1 P21500vDTT 3 2 3 :
u21500VDTT = <~ \ZVDTT -~ 3LvDTT 2zvDTT *+ ZLvDTT ) u2;500vDTT = 68.172in
6 ElyprT
Determine defiection 40 ft from bottom of VDTT
Zydn = 40-ft
1 P2300vDTT 3 2 3 .
u2300VDTT = E-TT-T—-(Zvdn - 3LvpTT Zvan + 2LvDTT u2300vDTT = 7.22lin

B-106




RPP-7069, Rev. 0

DESIGN CALCULATION SHEET Calc. #:ME07
Form EP-3.3-2F Rev: C

HNDTEAM Page: 58 of 69 +

Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: 5 C(/)lcmems Date: 5 /27/00
Analysis §

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M, Datg:

Delivery System Vanderzanden 4(/(7 } ﬁ_,"[ /oo

SECTION 3: ALLOWABLE YIELD FORCE FOR COMPONENTS

Wiemp = 8-Létemp A étemp Overall weight of temperature tree.

Ibf Overall weight of siuice pit drain
Wrgin:=76 e Ludrain

Wiherm:= 1. 13.M (Linerm + 52t} Overall weight of entire thermowell

Waci= 9912{ (Lad Overall weight of ALC

WyprT = &{LvDTT) Avdnt Overall weight of VOTT

W ransfer11 = ss%f-(hmsfel.l 1) Overall weight of 11" Transfer Pump
W iransferiz := 234 lz-t-(Lﬁmfeﬂ 1) Overall weight of 32" Transfer Pumgp
Wiransferd := 1 ot (]_mfm) Overall weight of SY102 Riser 23 Transfer Pump
Wprofile = 11 (Lp,.omc) Overall weight of Profile Therm. Probe
Ibf . W
Wadw = 16— (Lraw) Overall weight of RD
i 1l weight of MIT
Wit = 12— (Lmn) Overall weight o

Widpd =1 l‘lgz‘(I,LDPD) Overall weight of LDPD

Allowable for temperature tree taken as AISC allowable stress

Wiemp | Setemp  aowable force temperature tree.
PﬂllOW Sa:sc A L6 Pal]ow
Gtemp / "OlTp  pggume dynamic load factor of 1.1 a1 366.043bf
P allow
Prempallow = 1 ‘; Piempallow = 366.043bf Prempallow
) Piemp =——
Aﬁwmp

Ptcmp =28.79 lpsi
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- Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig; D. Clements Date: g ﬁ;}bo
Analysis O.c
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden 41{ ’U 9 /Z,’I /od
Allowable for thermowell taken as yield.
W
Pherm = [sy - A‘he““}.sﬂ‘ﬂ Allowable force sluice pit drain Ptherm 20.801bf
therm ) Lherm Assume dynamic load factor of 1.1
p o Ptherm
thermpst = T} Atherm Pihermpsi = 212.90%si
Allowable for sluice pit drain taken as yield stress.
Warain | Sdrain e )
Pdrain =| Sy - .————  Allowable force sluice pit drain Parain
Adrain | Ludrain —— =100.024bf
Assume dynamic load factor of 1.1 11

Parainpsi = ———— Parainpsi = 44.883psi
- 1.} A grain
Allowable for VDDT taken as AISC.
w SvDTT  Allowable force VOTT
PvDTT = [Saisc - AVD'IT ] 7 ree DT = 61.70Zbf
vdtt VDTT Assume dynamic load factor of 1.1
PvpTT :
PVDTTpsi PyDTTpsi = 20.45%si
Allowable for 32" Transfer Pump taken as AISC
Wiransfer32 | Stransfer32 Allowable force 32" transfer pump
Ptransfer32 ==| Saisc — .
Atransfer32 J Ltransfer32
P
st 1627 16° b
Piransfer3?2 L1 v
Pallowtransfer32:= T‘
) Assume dynamic load factor of 1.1
Pallowtransfer32 .
Piransfer32psi == —5———— Piransfer32psi = 247.80%s1
e Atransfer32
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Attachment ]

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig; D‘.oCéimcms Date: 6;\/27/00

Analysis
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date;
Vanderzanden /h/\v q /2,7/D£>

Delivery System

Allowable for 11" Transfer Pump taken as AISC

P (s Wiransfer1l | Stransferll Allowable force 11" transfer pump
transferl1- arse Atransferl1 / Lransferii
P
—transferll | 273 10° 1bf
Piansfer11
Pallowtransfer11:= _]1"""

Assume dynamic load factor of 1.1

Pallowtransfer1 1

Ptransfer lpsi = 79.085psi
Atransfer] |

Ptransfer1 1psi =

Aliowable for 4" Transfer Pump in 8Y 102 Riser 23 taken as AISC

Wiransfer4 | Stransferq Allowable force 4" transfer pump
Piransfers =] Saisc - .
Atransfer4 | Ltransferd
P
—transferd _ 106.306bf
P transfer4

Pallowtransfer4 = —— 7
) Assume dynamic load factor of 1.1

Pallowtransferd

Ptransfcr4psii= A erd
transier.
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Attachment |

Design Calculation Title; W-523 In Tank Component Impingement and Deflection Orig: D@Cclj:mems Date: g /27/00

Analysis
Project No. & Title: 4412046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
WY 2fr1leo

Delivery System Vanderzanden

Allowable for RDW taken as yield

P = Wrdw | Sraw Allowable force RDW
rdw = - T
Ardw ) Lraw
P
Y 269.554bf
P Praw 1
allowrdw -=
1.1
Assume dynamic load factor of 1.1
Pajlowrdw .
Prawpsi = T Prdwpsi = 62.68%s1
raw

Allowable for MIT taken as AISC

Wit | Smit Allowable force MIT
Pmijt:=| Saisc = ——— |-
Amit /) Lmit
P .
2 41.373bf
p e th ) 1.1
allowmit -= L1
Assume dynamic load factor of 1.1
Palowmit
Pmitpsi == =7 Punitpsi = 21.151psi

Allowable for LDPD taken as yield

P s, Widpd | SLDPD Allowable force LDPD
ldpd = - ‘
pd Aldpd / LLDPD
P -
e _ 21091407
Pallowldpd := lgpd -
ow. i
1.1
Assume dynamic load factor of 1.1
o .. . Fallowidpd
]dpdpSl - A]dpd Pldpdpsi = 66.45psi
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Atntachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: I()'0 (Cllemcnts Date: 4/2 7/00
Analysis k
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden % /U 7 /‘L’[/()d

Determine the Limit Load {Allowable Deflection) for each component:

Limit load for sluice pit drain

Kidrain = 1.353
Laitowsluice:= Pdrain Kidrain Lallowsluice= 148.878bf
Zsjujce:= 0-in
1 Lanowsluice 3 2 3)
Bslnice ™ — —=————"\Zdrain — 3 Ldrain Zdrain + 2-Ldrain Bsluice = 58.137m

6 Eliin

Limit load allowable for New 6" temperature tree

Lallowtemp = Plempallow Kl()temp

Lallowtemp = 541 467bf

3 2 3
S6temp = “"_‘“—'(z(munp - 3 Lotemp Z6temp + 2 Letemp ) 861emp = 42.947n
lemp

Limit load for thermowelis

Kitherm = 1.413 Pallowtherm:= 154 1bf
Lallowtherm = Pallowthermm Kitherm Lallowtherm = 217.62Gbf
1 Lallowtherm 3 2 3 .
Stherm = = ————\ Ztherm — 3ltherm “herm + 2-Ltherm Stherm = 1.32%n
6 Elperm
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Attachment 1

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: % 8ements Date: /2 7/00

Analysis
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Dat
Delivery System Vanderz.anden%( ?‘é:] /o[)

Limit load Allowable for leak detection pit drain

Klldpd =1341
Latlowldpd == Pallowldpd Kildpd Lallowidpd = 282.892bf
1 Lallowldpd )
“-'“"“——-( ZDPD’ ~311ppp’ Z0PD + 2LiDPD ) d1dpd = 31.901m
6 ElLppD

Limit load All ble for ALCs
owane PallowALC := 603 Ibf

Klalc - ] 293
Laliowalc = Klalc PatlowaLC Lajlowalc = 779.81b{
1 Lallowalc ( )
8¢ 1= = ———. -3 + 2 .
alC 6 E-Ia c lC I‘ﬂlc Zﬂlc I‘ﬁlc 53](: = 2.329”1

Limit load Allowable for Vel Den Temp Tree

Pvprr
KivprT = 1.385 LaltowvDTT = KIVDTT — T~
5 ___l.Lal]owVDTI'_( 3 3L 2 + 2L 3)
VT = ey ZVDTT VDTT 2vDTT + 2LvprT SyDTT = 67.094n

Limit load allowable for New 11™ Transfer Pump

Kiransfer11 = 1-333 i

Lallowtransfer11 = Kitransfer11°-P allowtransferl 1

I Laljowtransfer11 3 2 3)
Stransferl1 = = '(Ztransfcr ~ 3 Liransfer11” Zransfer + 2 Liransfer11
6  Eliransfert1

Siransfer!1 = 15.56%n
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Atachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D. Clements Date: 7 / 27 /00
Analysis 0c
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden %’U g /‘L"')ﬁo

Limit load allowable for New 32" Transfer Pump

Kitransferz2 = 1.3

Laowtransfer32 = Kitransfer32 -Pallowtransfer32

3 2 3
Bransfer32 = 7~ '\ Zransfer ~ 3Ltransfer32” Zransfer + 2'Laransfer32 )

Biransfers2 = 5.086in

Limit load allowable for 4” SY 101 Riser 23 Transfer Pump

Kitransferd = 1.341

Lallowiransferd = Kitransfer4  Pallowtransfer4

1 Lallowtransferd
Sl:ransfcr!i Eemrm

3 2 3
’ ‘(ztransfcr = 3-Legansfer4  Zransfer + 2-Ltransfers )
6  Elransfers

Biransfera = 35.681in

Limit load allowable for Radiation Dry Well

Kirdw = 1.333

Lallowrdw = Kirdw- Paliowrdw

1 Lallowrdw 3 2 3
Srdw = —-—-(zrdw = 3-Ledw Zrdw + 2-Lrdw ) Srgw = 44.92%n
6 Elgw
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Form EP-3.3-2F Rev: C
HNDTEAM Page: 65 of 69 +
Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Ongé) Clements Date: a /.Z .{/ Lo
Analysis Lo
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Datg;
Delivery System Vanderzanden %/( /” él 12.7 /DO
Limit load allowable for MIT
Kimijt = 1.343
Latlowmit = Kimit Patlownit
1 Lallowmit 3 2 3
St =~ o — S nT + 2L’ Smit = 67477

6 Elpit
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Page: 66 of 69 +
Attachment |
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Ori gd) Clements Date: g /27/00
sy & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Ch k‘C’M Dat
Project No. itle: , W- an ncep e ecker: M. ate:
Delivery System Vanderzanden Wﬂ ﬂz.l@a

Determine the force allowable for the tank wall.

For conservatism in determining the allowable for the tank wall, assume no backing by concrete bu
just a 1/4" thick, 75 foot diameter pipe.

Dgwa := 758t + 225
Diwan =751 Tank wall Properties

tyall = .25in

Awall == %‘(Dowall2 - Ixwallz)
hyqy = 50-ft

Woall =8 Awall' Bwall

Dowa]l
2

Cwall -=

n 4 4
Lyalt == a(Dowall — Diwan) )

Lyap
Cwall
Lyal = 50-ft
P = Suis - Wvall .SWau Allowable force tank wall
B Avatt ) Lwan Assume dynamic load factor of 1.1

P
—T‘Yﬁi‘g =4.732x 1°1bf .
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Attachment]

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D. Clements Date:q/zyﬁ;o
Analysis 0C

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:

Delivery System Vanderzanden %{’U i /7:7 [ oD

Determine the Stress in the Riser Flange to Component Interface from the
Impingement Force Cantilever Point Load

Use the 100% pump speed worst case impingement force for each component from Section 1.

Prgw = 103.51bf Pudtt := 1041bf Ppit := 88.21bf
PaLC = 609 1bf Pyjuice:= 276 Ibf
ALC sluice Piemp := 103.51bf
Py; = 89.81bf P33 := 148.71bf P4 :=102.51bf
Praw- d
oy i LEO Lrdw Crdw Srdw = 1.041x 10" psi
Iqw
Pyay-L -c
Sy = o VDT vdu Svdtt = 3.006x 10° psi
vprT
o= %&cﬂi Smit = 3.772x 10" psi
it

Determine properties for 6 sch. 80 top portion of ALC pipe for stress in that pipe from force.

Dialcs:=5.76}n twalcs = -432in

Doales == (Dialc6 +2 twalo6)

Doalc R 4 4
Cale6 = Lales = a'(Doalcé = Diales )

_ PaLc-LalcCales

SALC = Sarc = 3.109x 10° psi
Laic6
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Attachment 1
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: B gemenm Date: 9/2 7/00
Analysis A
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. D:%;:
Delivery System Vanderzanden W 4} /7_7/ o0
o ._ Patuice(Leruin + Lt} Carain
sluice -~ Lo Selugee = 1-1x IOSpsi
P, . ‘C
Stemp = Py Liemp ¢ Siemp = 5:51x 10° psi
IGtcmp
Py Ly .
S, = - tmnsferl ] Fransfer]] S1p = 1.259x 16 psi
Iiransfer1 1
Py L .
- 32 fer32 ' Ctransfer32 S5 = 163.11si
 Transfer32
Py Liamsferd -
S 1= —wensferd transferd Sq = 1.722x 1¢* psi
Liransfers

Use 70% pump speed worst case impingement force for each component from Section 1

PaLc7o = 1671bf Pyjuice70 = 8L1bf Premg70 = 48 Ibf
P| 170 = 40.81bf P390 = 49.51bf Prp = 45416

P LrdwSrd . ;
Spaw70 = 'dwmlrdw o Sraw7o = 4.728x 10° psi
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’m Attachment 1
Design Calculation Title: W-523 In Tank Component impingement and Deflection Orig: 5 CC’le:m!:nts Date: /7, /o 0
Analysis
Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. Date:
Delivery System Vanderzanden W/U q /17 /& D
P -L -C
Svan70 = vau70 VDT Zvdn Suatt7o = 1.382x 104psi
lvprT
Py Lovig -Gt
Smit70 = M Smir7o = 2.053x 1¢° psi
Tomit
P Lgec
SaLC70 = el Cakot SaLC70 = 8.525% 10° psi
Lalcs
Petuioe70"{Lerain + Ly)-Cdrain 4
. Seluice70 = s Seuice70 = 3-228x 10 psi
Ptcmp?()_'l‘!emp‘c .
Stemp70 = —————— Semp70 = 2.555% 10° psi
loternp
Pii70 -C
$1170= 1170 Liransfer] 1 “Ctransferl 1 S1170 = STLATHsi
Lransfer11
P3270'Liransfer32 -Stransfer32 .
270 = 83970 = 54.29%1
Liransfer32
P470 Liransferd -©
S470 = 470 ferd ““transferd S0 =7627x 1 &3 psi
Liransfer4 ;
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Analysis
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Delivery Sysiem JL&.

Attachment 1

Summary of Mixer Pump Jet Impingement Force and Fatigue Results

B-119




CALLH mmE-07

RPP-7069, Rev. 0

oO\\N /4 §
%\Qw\@ wr

oviTe

age. A2 of Al

$RUET JBUI0 U1 DRpUN0g 248 Wusuoduitd o) 20uey Jasy te sessens {y)
1 BMRBGWS) .9 MIN 89 0] PRUNSSY ()
$850dNG UONEN|EAD JO) 2 @G D] palunsse J2pwelp Y §'0) SAYIN § PHUNSSE AlBA)RAIBSUOD T2 woy uiiud) aizzou 'paymads 3q o) 39k SARY SOWINA Jaw M2y jo [BpoL pug ayep (2)

$9s0dund Uoyen|eas ko) , | | 29 O] pawnsse JaRwen Yl ¢ 0) SayIM 9 PRUNGSE ARANEAISSUOD T2 WoJy WBURY HZZOU PYRATS 3G O) LaA 340Y SO SBXRY MIN 10 FPOW PUB wnEW (1) SN
'S J8IV[#00 SO0 100 100 0429 [9ir) [T t'5¥ ¥e5| szelgez 591 0ET [FF1 (2) e A [+ 1724 duwing Japsuel) (man) 14
S5 DSIviceD 96'0 ro L40] €LZ4 ¥60 L50L aar iy giisee 59} T [ A 18] [ A ot 1724 dung Rpsuril [man) 2
5Zr SV ¥s [ ZE 99¢ Le8 1£08 (¥4 Lok aoL|s9t 522 0Ll 0EZ (g) 9 A 1) = 06 991 aumesedwad (man} ]
[ WP LR | e o T e[l DSV ] or SRR 18 TN | 2N BN TR gy (g} (Y] [ 1] [} (73 TN/AT Wl (seaubap]
UoReYQ %006 %0L #0404 %00t %04 BMIS] TH JOXIN  Lx S9N (Zg JOXIN | # 0NN |SIION  WeK)  ersem PRy SOd  Buy S04 voung ‘ON Sy
S|qEMONY U] suorBaueq SICMOIY i} 595303 1USWBURIWY uml 10 2lge o) ezzov g woRpg
P o0d woy; souesky | (19-10) soveisiq
{1 mov 8as) §'0 (U} $iEzoU j0 90P9 0} 12 dwind WOy SRS
00z 58 {dwund soxa mau) g Jasny U 2 Swng Kexpy
00z 1714 (Cuundt s mau} 7 JOSTY LA 1 LG Sy
M S0P,
Py wod  Ouy sog
¥SIoANLRO OF [AIS0OTIA ASEA
(Krsuad JaiEm) , ¥ L Asueq disepm

(POL-MY PUF CO}-MY SAUTL 10} SHNTSI PUNOY ABANTAISEUOD SHNIE PIRYLY LOL-MY YL
{

& m n

B-120




ceuting- 07

9\\.&. </ -

wfez/t 2077

>
=
5
®H
<
o
<N

“RAIS UOGRED [SY S0 19 DOO'RZ T UINE] FIA3 vl 0emoyy (S}

R O SSRMURIP U 3 Of PALINGEE ARAEAIUOD ST { P}

wiL 1 .9 MIN 3] O vig)
uﬂuOE:n:Dﬁ:EZ.hnﬂ.SuoE:mwm.vﬁ:.w.u,.En.avuu:usewo:uﬁﬂ_-%g._UEO::S:!Ignvﬁ.ﬁa&ssizzugg!ﬁ:!ggagﬁv SHON
unnpn.anco.ﬁ_._.n.ﬁ..e.:Sﬂgﬂﬂﬁizﬁua:ﬂa:ﬁ:uﬁwgnﬂ%ﬁg40:5:5?!!"5_3?38153523:3%3:9!35_: SHON

RPP-7069, Rev. 0

B-121

[ + 0Ly OSIV]TIE El6 e 0%} G 551 | @ [ X [ [ AR YoR L ORI R0l M
62y JSI¥|r g ) 3 9t 99€ DSINLLY AT ar 80t [oor T VEE @y [(3) A i (W AL i Rdws | [man] o5l
GTr OSIv[L ] 9F & 0165 99 J5IY[ed kcor riv wiltes T 621 FEd) (3] X ¥ [F53 a1 AERdwe L [WaN] L
& ZF OSIV|C ¥ Tr (3 (3 5652 U9E OSIVIg L 1% y EHIGT OOF Sor [sor [G] A e 640 S L SR | {MaN] [
&Zr JSI¥|Te i e 9 99€ DSivie 2ni e ¥ e[ E9% 5% _n.oo (3] A I COll a1 i sadwa | [man] asl
S Ir JSI¥[CS i L€ L s BEET g9t DSIv|ee L] ¥ [ET A [ i TE [{3] A H rorl 3| GNGEBEa) [eN] vl
[THLS [T oo : by 0|z it T. €8 [] A I LT Mg or
(L () Jas : oy ROV C6Z i 1 [D)] A ¥ 4°60¢ waa drl |
692 A5lu o Is 0w o %3] [T T T ¥53 [0} ] A L L6t M0 ar
L ki 1] NOQE T ¥eyy LS TR 6ce I_m.'|- K1) ) N1 fos: v1s Tv] [] A r N tam g ar
|9 62 OSIy 692 35162 6L GEY [XT) I} (2 EST €S2 [D] 9 A i [T 1w g e
[9°6Z DIt S L (43 [¥3 [R5 9zIv [FLE TR s coy iy ¥ir 206 EZ| ¥it ¥ (3] 9 A 3 [3 [T arl
1962 ISiv|L ES T Zt B9T A5 |G EOE e as rir 12 [0 61 (i ree )] 9 A [ T ¥ri
FTLH EF [¥33 95T orfs|ren A7 EY [E ZE0lw0s §9Z & riz ) ¥ A ¥l V'VOC__|_ #adig Sjoncoownl sefaig atl
| e9i%s[ce rer T TEL (LG AT [z o6 [T pill Z60}F 1T €Ty VZ 'ES [D) ¥ A ¥ I'BIZ | 9qGid wORGIGUIY] Swdid ot
LS (43 o 95T (¥4 or sl [cen T Er 76 0}692 00% ¥, TS 2] ) A ¥ X S4dig MAnToulRN L 300Id Bl
[ teiXs[rar ¥ EEL ¥z 0 A5 [T08 H r Zrr ZE O[T ES 9L W Iz £3) ¥ X 6L X3 S0l FANEOUL L Fmig Vil
ZENS[ww I zs 03ZAS[rol lee 5 CEF Z60[9ET G0 iy ey TvJ ¥ A [ "ICE WEIQ) b ORI W L)
LS G108 IE 00 A5 b2z [} EC[5or [¥3 0Ly T Tv] € X [T 95t 010 W40 Rd NS 201
[ EFTD 9IE {5 o0 sy il [azzze 001 A5 [aiz 1] cwoliz <0r T [oi¥ Tl [4 A o6l 91 QL0 e 3 3N voi
[ =TI G 100 100 100 ES1 s GiZ9L OSIW[Zars _ |Zaes IS8y S or| L4 (2 [¥7] ¥ [¥33 Gl [ ze X 0D 06 i g SpEu ) (wan] | ve
RN T 00 It0 iEq 6SEE SL £4Z) D9V |60 Nes 9 or For| [T GE €2z ZL ['¥43 (3] 4] A K 06 1 dugdwig WEver) wan|— vo
LS 150 T ¥ W 66 6¥ FEED [ o [ 50 A ¥ 13 L1 DTV 10) IGO0 |
BFLH g1 50 [ T ED S oF [3 B [ ot X L ¥USC 1Z-1 01 JORN0aT gy 2y
L €0 BF F0[FY Ty i Gor R A 2, G¥OL__ ] Fi-LBL 5TV 10) SNO00ULRIL
ZAs[a1 S0 15 10u] 0601£15758 91 I X Sy ' &5y [ [ A "L (& FE-LOE JORENRND 12 AY
1 Ag &0 SZ0 ] EIE v '9E (X3 §20 A e SEFC | 10} DTv 10) 0G00I
L bl te i6 ROE[ISC 5 o 69 Ta] 0€ A i [ L-1 DV SORIAD Wl XY
LS [F4] v S0]0% 53 ; st S0 A i LUBL | w10k DTy %0 Sydn0O0uLRR | 3
¥2.A0 X3 101 SOE[0Y WSt ] &8t T | _oe A Sl 6261 Y108 MWERD W AY T
T THIP g ran | IR N ieeap]| ORIOGwWo) O o) of O T [ [ Wy 7)) ) TN [{0] 13Bsp
Ll ] %004 %0, sluetd JFun ROue|4 oWy %0/ PSR | Ta o [Lgsoon | zaswa Laseaw Jsoow  weg e |peysog | Buysoyg Wavodusod "N ey
Sy | W) ONISRG (5e) 53ANnG X004 | 80} wseag oL [ cemony Tl sa5:0 ] nowBatin | 'wg wod [ TS5 Pel0 Of #ZIoN| (1010 SR ang |
(1 ;u dav) 50 4} WETOU )0 9008 O T GUNG WAl SIueig
(24 L3 (dwnd s wou) w10 % U 29 dung s
0ZT [} [dhund saqus mau) D10 800y |y Suang sy
Wl Tsessep)
Py ¥0d  Duy s0g

FROAUII (4 ArORA HTEM
HISUIQ Jamp) L ¥ | AU S

(ZOH-AY J0] SUNBIS PUNOQ ABAIRAIIEUOD SUNSEE BEMLL) LO}-AY SROTL

{ M {




odz/y SH s

3
§
g

CAic# meo7
pag«, A4 €Al

RPP-7069, Rev. 0

19915 UOQIED) £5 JO) 134 000’87 TE LRHE) STIAT P Mgty (5)

“JS 0 WOROG W) UINE Uy ALY L)
DQ&N\@ Bl | O IGO0 v 1)
sasocliovd Lopeniead xy _ZE 04 O POUNTSSE SEMUBID Iy §'0) S 9 PIALNESE ABWREASIRIO0 T7) W0y \ROUS SHTTOU 'Paunads Bg o 1A Sy Sund S wols j0 PO put e (Z)
\u% SISO LIONETHEAS $0¢ | | B4 Oy PUNISSE AHILEID (I § 0} $3UOUE § POLLNSSE ARAREAIPTUNG TO) WKL WD HZ20 Paurdeds B O 14 ey SO seaw mard JO POW pue Byery (1) SHoN
LY Z0¥ j S¥ o5r %4 [3t4 3 ) ao8 i {r} 11 A oer 021 UL uewnAsa ELORUNJ M )
L ZOLASIR LY gy 9'¥Z 874 [ LEY] Tig i 5t A oee [] S| BN PRGN Ry s
L7 201 A5 [97508 B0k s ¥ L0 15 900) 000LE I3 ) CET ) 133 A (>4 0ZF 0] LMWNRRY WUCRUNZANY 6l
L9 zoissires [ 1§ 3] 00002 zr a8 e ey (17 A oez 0 B01 WRLMLS UGN B)
LB zois|zes €80 E: 4 o 19 3] o0 ey (13 A (3 00 ) QW) UBQ A st
V'S OSiv]{L %0 ro ro =18 4] 07784 S8l oK cer {z} ® A e (172 duind SRS MIN €t
0'6L D5iv|e} Sk %0 ero aszi [43] cLzL 1501 reg 8or Q) 23 A 0% 0z dumg SEUEs) Mo 3]
aTr 2Siv|re 4 e E44 s BEET 00t 1roe Lod ¥or 3] ] A 14 08 Fau) R L (woN) $
Lo zoaspie 1o ol Lo 3 a2y St A (X4 00 ¥4 du) uaq BA £
{w) F s TR Y e THE Ly sy | Za O | sy [{0)] AT 0 ssulap]
\um_d,.aﬁ!wo ®OO0H %001 %O0L saion| weq | ke | peywod | Buy sog voRny ‘op My
SEMOY Ty Suonowgeq (0] s5a4s %001 TTIAS RO L | HMEMONY ] L] soeg
{1 ;ou 338} 50 (4} ATZ0U JO DS 08 T BT WO BIUETNG
ooz .71 {dumd s mau) § ANy W Za dumd ey
00X ] {Dwnd smau sani) £ I8 U | tuing Sy
T AR
ey sad  Duysoy
IR00RM0 0 AFI00TA HREM
(Arsuag o , | ApRsg WEEM

{E0}-§ UL J0) SUNTR PUNCY AJRAIIEAISUOD SUNSAI 0684 1) LOL-AS PUE)

, \ m

B-122




k), S

3
&~
N

(et MEOT

RPP-7069, Rev. 0

pag.e A5 of A-G

(L]

L'SEDSIV]LG2

gé%‘h—hmzo—gﬁgigzméucﬁiwgu.t;gdga%wﬁ!ugzﬂgigl-!kuctgvi-;n«_
»Suﬁiizqiib_.:So_giiggcm.avgwgﬂggdﬁguﬁs”o!._to&ono.i?!gi.ék!tg!i-iz:_ SHON

L S OSIv|Z
51 ISIv|Z
62Zr DSi¥|rY
[ YT

hana o]
QR mOYy |

o0NZe
190IS LoQueD) £5 10} Bd OOO'GZ £8 LSKL TERAS P HaewoRY (1)
L 1 .9 MI GO P v ic)
r A g Pos 3 swdng [
[ 4 A hung Ao ) iman) ]
1 A Duwng Jajeudi | {may) £l
9 A Ba1| FIRIDLG | (NG 5
oy TRAY T { Py Rgwalioo ve]
wag | e uoRm o ey
o5 | wopg

{1 wou 9e%) 50

()4 U
1.4 08

T Tesaay

Py sog  Buy ey

) #rzrou 1o slpe o T duind way soumsg
(Gund sxpn wous} § AT L) 28 DRung J0Xy
(dund sexnu wau} § 20tny uf L OWN g
R00uea O AHRCInA SE0M

HAeseg Jnem) , 1| ASuea dsem

TO1-AE v

B-123




3 S

CALCEME©?

RPP-7069, Rev. 0

*82104 yuawbuidwi = 8210} wiNwxew Jo ssans eIk apiaoid o) 92404
6861 'IUIA 180Uy
L8} 0008 0Le 0006 red 00001 1'8¢ 000z} Vit 00091 00002 669 00082 1IN
G'6L 0008 5'68 0006 66 00001 £6tl 00021 0’651 00091 00002 £8.8 0008¢ May
LAY 0008 9'es 0006 569 00001 vis oooegy A 0009} 00002 1994 0008¢ dwnd s8)suell b
0'€6ZL 0008 2'¥0zg 0006 £9LLe 0000t | S'6E601 | 00021 1’9851 | 00091 00002 9'6esse | 00087 dwnd Jajsuel] .z
G'4LS (008 629 0006 LA 4Y) 00001 rAFASL: 0002} 0evlLl 00091 0000¢ 2'000¢ 00082 dwnd Jaysues) 11
Lle 0008 g 0006 9ve 00agot Sy 000zZL ¥'GS 00091 4000z 6'96 00082 1iaa
9'69l 0008 016t 0006 rArA N4 00001 1vSe 00021 S'6et 00091 00002 Z'¥6S 00082 o
L'0g 0008 9Ze 0006 b'Ge 0000! 1o¢ 000z4 FARY 4 00091 00002 £0L 00082 wieIqg id a9nig
€06t 0008 1691 0006 6.8 00001 | T4 00021 9'00E 00094 00002 0'9Z5 00082 ea) dway 9
sopAy |ssans plaiA
92104 {1sd) 82104 “(1sd) 9204 (1sd) 80104 (1sd) 99104 (1sd) anfine4 apinold {1sd)
wnwxel | sseng |wnwxep | ssong jwnwmep | ssang |wnwixep | ssong |wnuwmew | sseang | pamony 0} 82104 PIBIA wauodwae)
SIBAA P SIBAA Z 1BaA | SyjuoWw 9 Syjuout ¢ sAep 05
popoeu aJe sa10hy | poapasu aie s8PAd popasu ale $3|2AD pepagu aie s30AD | papesu ale S8|0AD 1sd 000’ 8Z ©} SSAJ)S 9|geEmoje
000°008 12y} 8WNSSy | 00000y 124) BWNSSY |000'00Z 1ey) swnssy J000° 004 18Yl SWNsSsy | 000°05 1BY) 8WNssy | eaey Sjusuoduwiod jey) awnssy

B-124




Attachment C




RPP-7069
REVISION 0

Attachment C

Heating, Ventilation, and Air Conditioning Scope Refinements

C-1




RPP-7069, REVISION 0

REFINE VENTILATION SCOPE

PROJECT W-521, WASTE FEED DELIVERY SYSTEMS

prepared for

CH2M HILL HANFORD GROUP, INC.
Contract No. 4412, Release 46
Report No. 990920203-023
ACDR Subtask 3
Revision 0

September 2000

prepared by

HND TEAM

C-2




RPP-7069, REVISION 0

REFINE VENTILATION SCOPE Report No. 990920203-023, Rev. 0
September 2000

REFINE VENTILATION SCOPE

PROJECT W-521, WASTE FEED DELIVERY SYSTEMS

prepared for

CH2M HILL HANFORD GROUP, INC.
Contract No. 4412, Release 46
Report No. 990920203-023
ACDR Subtask 3
Revision 0

September 2000

Prepared by: Scott R. Pierce, P.E.
Steven Weaver

Approved by: W

Robe# L. Fritz

Date: Q’ 3:3- oo

HND Team Pagei

C-3




RPP-7069, REVISION 0

REFINE VENTILATION SCOPE Report No. 990920203-023, Rev. 0
September 2000
Table of Contents
1.0 INTRODUCGTTION .....ottiviveetre vt reree s ereasseaseas s sraesesssstsreessesatseasesbnaessssatessesareseessnsreseesossanes 1
2.0 SUBTASK 1: AGA FOR THE AY/AZ PRIMARY VENTILATION SYSTEM 702-AZ......... 1
3.0 SUBTASK 2: RETURNING CONDENSATE TO THE AGING WASTE TANKS ......ocooeeel 2
3l PUIPOSE ettt e s b e n e e at e et ek b e ene e e ene et neenn e e s e et ae e raerares 2
3 0PI ittt et ettt a et et e et e eae e st et eesne s re et aeanserre e reesbesenbes 2
TR B (5111 1+ s 01 [+ OO RSO SSE RSO SSU S S USROS 2
i DS CUSSION .t ueeieevrrretirasrrreessesesteraastararsserseessiosaersiesiesseesanssssessrasessraanssressessasessssasnesasanaresssassaseesonsarns 2
3.5 Conclusions and Recommendations..........cocvveviirieeiiiiieii ettt es e saee e s srne s s srnr e e s e sannanes 3
4.0 SUBTASK 3: INCREASING ANNULUS VENTILATION FLOW ....cooovvvviiiei e 3
N B V| ¢ o 1T I OO OO S U SO 3
B2 S0P ettt ettt e eae etk e e b et eaf £ e eae e e ba e et ere e e bRt e et e Rae bRt e tbeaatae 4
4.3 MEhoAOLOZY . .comeiieiee ettt e a e s be et bae s ebr e bbeant e 4
.4 DISCUSSION. ...uieiiieuieieeeeiiteeieaaatiateeaeaieesesaastseeaasateeaanteessansssenssaasnsesaessansesssnntssesnassterssnstaneesisnsssernsises 4
4.4.1 SINGLE Fan Option ....cc.oooeoeiiieiiiceec et e ee et eare e ee e ea e e s e s re s srbeearbenesabeasans 4
4.4.2 TWO Fan OpPtion ....c.oeeiiicie e ecer et s et e s e e e e b e s s s e s sesbeaeas s e aeasseasnsssasbessannnrens 5
4.4.3 Implementation of the Preferred Option for 241-AY ..ot 5
4.4.4 Implementation of the Preferred Option for 241-AZ.......cccooiiiiiiniiiiiieccieee e 6
4.5 Conclusions and RecOMMENAationS......coviveiiiiiriiieirionireesirer e sinne s eisrs s sestsessssissssesirbssssaseasns 7
5.0 SUBTASK 4: COMPLIANCE WITH THE VENTILATION SPECIFICATION ........cccoovvei.n. 7
5.1 PUIPOSE oottt et e bt et b et ee e e b e bt e et bbb e et e e 7
5.2 S0P < et e e e e et e neen e r et et e et et e e sne e s 7
5.3 MEthodOLOZY .. coveeveceiree e e e et e ettt et a e rae e naes 7
5.4 D ISCUISSION. . ie o iivveieieereierieseurntrrsreeeriesirrsserteessns snraneseeriessenrasserserserasirssssbesaassismasntsnsesssesinssrntnnsensesnes 8
5.5 Conclusions and RecoOmMMENAations . ...cccicie it siierierieseesesirsssiesiessssessssesiessesserssrnserssnessres 8
6.0 OVERALL RECOMMENDATIONS ...ttt et ettrie s e sbaaes s ee s s s ssrnreseesessnassaen 8
6.1 Technical RecOmMMENAations. . ....coiuiiiiiiiiiceciiec et ceee e ee et eear e e eeesreressbneeeseannsseneasrane 8
6.2 COoSt RECOMMENAATIONS ....oiiivireiiieiiiriir e estirees st eessare e s e esaranesssnraseeseasreeesasbbressibaresseeasresnsses 10
7.0 REFEREINCES ..o coiiiieiiieieiiiriet e eee s e riestoesassseerasntasrasstasras asansssnnerrsnssstssmassssnnstnsresresesnnrrerrarsenrens 10
Appendices
Appendix A

Alternative Generation and Analysis for the AY/AZ Primary Ventilation System AZ-702

Appendix B
Sketches of Options for Returning Condensate to the 241-AY and 241-AZ Tanks

Appendix C
Sketches of 241-AY Annulus Ventilation Systems Modifications to Achieve Higher Flow Rates

Appendix D
Sketches of 241-AZ Annulus Ventilation System Modifications to Achieve Higher Flow Rates

Appendix E
Calculation of Annulus Pressure of Tank 241-AY-102

HND Team Page ii

C-4




RPP-7069, REVISION 0

REFINE VENTILATION SCOPE Report No. 990920203-023, Rev. 0
September 2000
Tables
Table 5-1. Deviations of the W-521 Conceptual Design from the Requirements of CHG (2000a).......... 9
HND Team Page iii

C-5




RPP-7069, REVISION 0

REFINE VENTILATION SCOPE Report No. 990920203-023, Rev. 0
September 2000

Acronyms

CAM Continuous Air Monitor

CDR Conceptual Design Report

CFM Cubic Feet per Minute

CTB Cost-to-Benefit

DST Double-Shell Tank

PLC Programmable Logic Controller

WFD Waste Feed Delivery Project

WTF Waste Treatment Facility
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1.0 INTRODUCTION

This task reviewed RPP-6333, Revision 0, Project W-521 Waste Feed Delivery System Conceptual
Design Report, (CHG, 2000c) as it pertains to the Aging Waste ventilation systems. Four discrete
subtasks were performed. A description of each activity follows:

¢ During Conceptual Design activities, a regulatory interpretation recommended installing a fully
redundant secondary train in the primary ventilation system as a means to reduce the risk of a
system failure. This revision was captured in the Conceptual Design Report (CDR) (CHG
2000c). This subtask assesses the reliability of the primary ventilation system relative to its
ability to support waste transfer to the Waste Treatment Facility (WTF} and recommends the
minimum upgrades to achieve the goal. This subtask includes performing a cost-to-benefit
(CTB) analysis of incrementally reducing the number of redundant components recommended in
the Conceptual Design. At the client’s direction, the analysis only considered the probability of
success associated with reducing the number of redundant components; the analysis did not
consider the consequence of a system failure.

e The Conceptual Design includes a new catch tank and lift station that will transfer ventilation
condensate to the 241-AY and 241-AZ tanks. This subtask considers options for reducing the
cost of this design.

e Document HNF-5196, Revision 0, Double-Shell Tank Ventilation Subsystem Specification, HNF-
5196, Rev. 0 (CHG 2000a), has been issued since completion of the Conceptual Design and
requires a minimum airflow of 850 cfm through the annulus air slots of the 241-AY and 241-AZ
tanks. The existing 241-AY and 241-AZ annulus ventilation systems do not provide such
airflow. This subtask considered several options to achieve the required flow rate. The subtask
develops cost estimates for implementing the preferred option.

¢ This subtask reviews the CDR (CHG 2000c) and compares the design with the requirements of
the newly released CHG (2000a).

The following sections discuss each of these subtasks. Section 2.0 describes the options for improving
the reliability of the 241-AZ-702 HEME and Condenser. Section 3.0 describes the options for
transferring condensate from the 241-AZ-702 building to the Aging Waste tanks. Section 4.0 discusses
the design and cost estimate required to increase the airflow through the air slots under the 241-AY and
241-AZ tanks. Section 5.0 compares the Conceptual Design with the newly released CHG (2000a).

2.0 SUBTASK 1: AGA FORTHE AY/AZ PRIMARY VENTILATION SYSTEM 702-AZ

The Conceptual Design for Project W-521 includes modifications to the 241-AZ-702 primary ventilation
system. These modifications will provide a fully redundant secondary train through the system. This
subtask prepared an Alternative Generation Analysis (Appendix A) to reevaluate the necessity of a fully
redundant train. This analysis assessed the reliability of the primary ventilation system relative to its
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ability to support waste transfer to the vitrification facility, and recommended the minimum upgrades to
achieve this goal. The assessment included a CTB analysis for adding redundant components. The
analysis concluded that the modifications contained in the CDR are not necessary. Rather, the potential
of system failure can be sufficiently mitigated through the practice of increased maintenance during
double-shell tank (DST) pre-transfer operations. See Appendix A for a complete discussion of the
analysis and its findings.

3.0 SUBTASK 2: RETURNING CONDENSATE TO THE AGING WASTE TANKS
KR | Purpose

Condensate from the 241-AZ-702 building currently drains to the 241-AZ-151 catch tank. The catch
tank is non-compliant and will be initially decommissioned as a part of the execution of W-521, Waste
Feed Delivery Project (WFD). As a consequence, the drain line from 241-AZ-702 building must be
rerouted.

As described in the CDR (CHG 2000c¢), the condensate from the 241-AZ-702 building will flow through
a gravity drain to tank 241-AZ-102. Tank Farm Operations has requested that the redesigned
condensate drain system allow routing to any of the 241-AY and 241-AZ tanks (not just tank 241-AZ-
102). The grade differences within the 241-AY and 241-AZ tank farms will necessitate pumping the
waste to all but the planned tank 241-AZ-102.

Two options were developed for rerouting the 241-AZ-702 building drain. With one, a new compliant
catch tank 1s installed that has pumping capabilities. In the other, the existing seal pot in the 241-AZ-
702 building is modified to incorporate a pump and valving to move the waste to the 241-AY and 241-
AZ tanks.

3.2 Scope

The scope of this activity is limited to rerouting the 241-AZ-702 building drain line. Other drains that
lead to the 241-AZ-151 catch tank are not part of this activity.

33 Methodology

For each option, sketches were developed. Cost estimates for each option then were prepared using the
sketches. These estimates were prepared in accordance with the W-521 estimating standards including
site adds, labor rates and burden. Based on the estimates and the merits of the options, a preferred
option was selected, using engineering judgment and rough order of magnitude cost estimates.

34 Discussion

The condensate drain from 241-AZ-702 must be rerouted to another destination after the catch tank is
removed from service. The problem definition is compounded by two operational requests/problems.
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e The first is the desire to route the 241-AZ-702 condensate to any of the four of the 241-AY and
241-AZ tanks. Although the flow rate of condensate is very low (0.15 to 0.30 gpm), it is felt that
over time a sufficient quantity of liquid could collect in a particular 241-AY or 241-AZ tank such
that ongoing characterization of that tank may be effected. The obvious solution is to have the
ability to direct flow to a 241-AY or 241-AZ tank whose characterization is not ongoing. This
implies having the ability to direct flow to any of the four tanks.

e The current seal pot located within 241-AZ-702 has had problems with level control and loss of
seal, The cause of the problem is not known.

Two options have been identified to address the condensate routing. However, only the second option
addresses both the condensate routing and the condensate seal pot issues.

Option 1. With this option, a compliant Catch Tank and Lift Station is installed to allow collection of
the 241-AZ-702 condensate with the capability to pump the condensate to any of the four tanks. This
option is shown in Sketches ES-LS-01 and ES-LS-02 (See Appendix B). The Lift Station will be level
switch operated with manual remote-operated valves to direct flow from the pump discharge to any of
the four tanks. There will be an overflow line that will provide a gravity drain directly to AZ-102. This
option addresses the ability to direct condensate into any of the four tanks, but does not address the seal

pot operational problems.

Option 2. This option modifies the existing drain configuration within the 241-AZ-702 building. This
option is shown in Sketches ES-SP-01 and ES-SP-02 (See Appendix B). The design will replace the
existing seal pot with a larger vessel that will include a level actuated pump. The pump will discharge
into a manual, remote-operated valve manifold that will direct flow to any of the four tanks. There will
be a high level drain that will flow by gravity to 241-AZ-102. This option addresses both the seal pot
operational problems and the discharge flow routing.

3.5 Conclusions and Recommendations

The recommended approach is Option 2. The rationale behind this recommendation is threefold. One,
the cost of Option 2 is less than the cost of Option 1. Two, the modification to the existing system
solves both of the operational concems. Three, the solution does not require the installation of another
underground storage tank, thus reducing the cost of maintaining and ultimately decommissioning the
system.

40 SUBTASK 3: INCREASING ANNULUS VENTILATION FLOW

4.1 Purpose

Design requirements for the DST Ventilation Systems are contained in CHG (2000a). This document,
released after completion of the CDR, specifies that the annulus ventilation systems shall provide a
minimum airflow of 850 cfin through the air slots of the 241-AY and 241-AZ tanks. Currently, the 241-
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AY and 241-AZ annulus ventilation systems do not provide this flow rate (Tank 241-AY-102 is an
exception; Project W-320 modified that tank’s system to provide such a flow rate).

This task considers two options to achieve the required flow rate through the 241-AY and 241-AZ tanks.
In one, each system employs a single exhaust fan to draw air through the tank annulus. In the other, two
fans, supply and exhaust, are used to move air through the annulus.

4.2 Scope

The scope of this activity includes modifications that will increase the airflow through the annulus air
slots of the 241-AY and 241-AZ tanks. This activity does not consider modifications that would bring
this existing system into full compliance with CHG (2000a). Rather, only those modifications required
to achieve the higher flow rates will comply with the requirements of CHG (2000a).

4.3  Methodology

Two options were developed that would provide the required flow rate. The merits of each option were
considered and a preferred option selected. Sketches of the preferred option were prepared showing the
mechanical, electrical and control equipment necessary to implement the option. A cost estimate was
then prepared based on the sketches.

4.4 Discussion

With the single-fan option, a single exhaust fan is located downstream of the tank and draws air through
the annulus. This configuration is consistent with the design of the existing systems and requires only
minor changes to implement as compared with the two-fan option. Project W-320 used this concept to
achieve a similar flow rate through the air slots of the 241-AY-102 annulus.

With the two-fan option, the two fans work together to move air through the annulus. One fan supplies
air to the annulus while a second fan withdraws the air from the annulus. This option adds a new
component to the existing system, namely, the fan supplying air to the annulus.

4.4.1 Single Fan Option

The single fan option is the simpler and more cost effective approach of the two options. To implement
this option, two changes are required. The existing fans are replaced with fans capable of generating a
greater static pressure. Also, the piping is modified so the entire air stream passes through the annulus
slots (with the original design, only 20 percent of the air stream passed throught the air slots; 80 percent
of the air bypassed the slots and directly entered the annulus tank at the sidewall).

While these modifications are simple to implement (as compared to the second option), this option
suffers from a potential problem. Project W-320 successfully used a single fan to obtain 850-1000 cfm
of airflow through the air slots of tank 241-AY-102. However, Project W-320 experienced annulus
pressures in the range of ~15 to ~16-in. (w.g.} when operating in this configuration (Numatec, 1998).
This range exceeds the requirements of CHG (2000a). While the requirements of this document do not
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limit the annulus pressure directly, they do limit the difference between the primary and annulus
pressures. As described in CHG (2000a), the difference in two pressures shall not exceed 6-in. (w.g.).
At the time that W-320 collected its data, the pressure difference between the primary tank and annulus
tank was 13 to 14-in. (w.g.).

To limit the annulus pressure to a more suitable range, modifications are required to the piping of the
annulus systems. To successfully plan these modifications, the pressure loss through the annulus
ventilation system must be calculated. Unfortunately, the pressure change through the air slots is
unknown. A calculation was prepared (shown as Appendix E) to determine the pressure drop through
the air slots. The results of the calculation were then compared with operating data collected from tank
241-AY-102 in January of 1998, (Numatec, 1998). The actual losses through the system greatly
exceeded the calculated losses. At a flow rate of approximately 1000 cfim, the annulus pressure of tank
241-AY-102 was observed operating at a pressure of approximately 15.5-in. (w.g.). The pressure
predicted by calculation was approximately half this value or 8.7-in. (w.g.). The most likely explanation
for this disparity is a restriction of the flow path through the air slots. In the past, questions have been
raised as to the integrity of the concrete under the tank. It has been hypothesized that the concrete has
cracked, spalled or otherwise deteriorated to the point that the original air slots now contain debris. This
would result an annulus pressure more negative than expected.

The inability to predict the system’s pressure loss makes this option unattractive. The narrow range of
allowable annulus pressures further complicates this problem. Due to the risk of this approach, the
option of a single exhaust fan is not recommended for Project W-521.

4.4.2 Two Fan Option

The second method of achieving 850-1000 cfm employs two fans. This method achieves the required
flow while allowing control of the annulus pressure. Furthermore, this method can be implemented so
the system has a large amount of flexibility to overcome uncertainties in the flow path.

With this option, supply fans are added to the existing systems. Furthermore, variable speed drives are
connected to both the supply and exhaust fans. By adjusting the speeds of the fan, the parameters of
flow rate and annulus pressure can be controlled independently.

4.4.3 Implementation of the Preferred Option for 241-AY

Two independent systems currently ventilate the 241-AY annulus tanks. One system ventilates the 241-
AY-101 tank, while a second, separate system ventilates the 241-AY-102 tank. Conceptually, both
systems are identical; both consist of an inlet filter plenum, an exhaust filter pléenum and a fan.
Ancillary equipment includes leak detection Continuous Air Monitor (CAMs), a stack CAM and
heaters. Implementing this option requires adding a supply fan between the inlet filter plenum and the
piping that leads to the tank annulus. Variable frequency drives modulate the speed of the exhaust and
supply fan. A control loop employing a Programmable Logic Controller (PLC) monitors the annulus
pressure and the system flow rate. The control loop then adjusts each fan’s speed as necessary to
maintain the system’s operation within its design requirements.
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Sketches ES-AY-01 through ES-AY-04 (Appendix C) identify what modifications are necessary to
implement this option for the 241-AY tanks. These modifications include replacing the existing exhaust
fans with new models whose performance will be more consistent with the new supply fans.

With this design, a wide range of annulus pressures is achievable [between 0 and —20-in. (w.g.)].
However it is recommended that the annulus pressure be controlled between —6 and —8-in. (w.g.). This
pressure is less than the least allowable pressure within the primary tank [reference HNF-SD-WM-SAR-
067, Rev. 1F, Tank Waste Remediation System Final Safety Analysis Report (CHG 2000b)] and will
allow the system to operate as originally designed (i.e., a greater pressure in the primary tank than in the
annulus tank).

4.4.4 Implementation of the Preferred Option for 241-AZ

A single system ventilates the 241-AZ-101 and the 241-AZ-102 tanks. The system currently consists of
a common inlet filter plenum, two exhaust filter plenums (one for each tank), and a common exhaust
fan. Ancillary equipment includes balancing valves (that distribute air between the air slots and the
annulus side walls), leak detection CAMs, a stack CAM and heaters. Implementing this option requires
installing a fan between the common inlet filter plenum and the piping junction that leads to each of the
tanks. Variable frequency drives modulate the speed of the supply and exhaust fans. A control loop
employing a PLC monitors the annulus pressure of both tanks and the system flow rate. The control
loop then adjusts each fan’s speed as necessary to maintain the system’s operation within its design
requirements. Throttling valves are manually adjusted to achieve similar pressures in each tank annulus
should one tank’s flow path prove to have a greater pressure loss than the other tank’s flow path. As
with the 241-AY tanks, it is recommended that the control loop maintain the annulus pressure within the
range of —6-1n, (w.g.) to —8-in. (w.g.). Doing so will restore the system to its original configuration (1.e.,
a greater pressure in the primary tank than in the annulus tank).

Sketches ES-AZ-01 through ES-AZ-04 (Appendix D) identify what modifications are necessary to
implement this option for the 241-AZ tanks. These modifications include replacing the existing exhaust
fans with new models whose performance will be more consistent with the new supply fans. These
modifications also include refurbishing some portions of the existing system. The modifications will
replace the inlet filter plenum with a new plenum. The existing inlet filter plenum is plugged to the
point that it is unusable and the plenum’s older design does not allow replacement of the filter media
alone. The modifications replace the tank balancing valves whose integrity is questionable. The
modifications also replace the exhaust filter plenums with new plenums that allow testing against the
requirements of ASME N510. Furthermore, the modifications upgrade the leak detection CAMs.
Although this last modification is unnecessary to achieve the required flow rates, upgrading these CAMs
will return these safety-class components to service. The modifications do not replace the underground
piping leading to and from the tank. However, the integrity of this piping should be confirmed before
proceeding with these modifications. It is recommended that a portion of the piping be visually
examined both internally and externally. At the same time, ultrasonic testing should be performed to
measure the remaining wall thickness of the pipe.
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4.5 Conclusions and Recommendations

The preferred option for obtaining 850-1000 cfin through the sir slots is the second option that combines
a supply fan with the existing exhaust fan. This option will provide a robust design that can overcome
uncertainties in the conditions of the air slots. Furthermore, the option allows the annulus pressure to be
controlled to a wide range of pressures (the annulus pressure can be adjusted so it is greater or smaller
than the primary tank pressure depending upon the desires of the operator).

50 SUBTASK 4: COMPLIANCE WITH THE VENTILATION SPECIFICATION

5.1 Purpose

This activity reconciles the design requirements in the CHG (2000a) with the system modifications
presented in the CDR (CHG 2000c). This activity is necessary because the Conceptual Design was
completed before design requirements were finalized and released.

5.2 Scope

This activity is applicable only to the Project W-521 modifications of the 241-AZ-702 Primary Tank
Ventilation System. The specific ventilation system modifications that are in the scope of Project W-
521 are identified in the CDR (CHG 2000c). Components and subsystems that are not being redesigned
by project W-521 are not in the scope of this activity.

This activity does not directly apply to the 241-AY and 241-AZ annulus ventilation systems. These
systems were not modified in the CDR. While Project W-521 had planned to refurbish these systems
(thereby retuming them to active service), the project did not intend to redesign the systems. Since the
systems were not redesigned, the design requirements of CHG (20002) were not imposed on these
existing systems. Future activities during Definitive Design that alters the design of these systems will
comply with design requirements of CHG (2000a).

5.3 Methodology

The Project W-521 ventilation system modifications were compared to applicable requirements in HNF-
5196 and compliance to those requirements determined. The specific ventilation system components
and subsystems within the scope of Project W-521 are identified in Section 2.2.9 of the CDR (CHG
2000c). A requirement was considered applicable if it was directly or md1rect1y related to a component
or subsystem being modified or replaced by the project.

The requirements were grouped into three categories: 1) requirements that were explicitly met by the
Conceptual design; 2) requirements that were not explicitly met by the Conceptual Design but will be
met during Definitive Design; and 3) requirements that will not be met in either the Conceptual or
Definitive Design. The requirements associated with the second and third groups are listed in Table 5-1.
Specific and detailed requirements are included in CHG (2000a). General actions necessary to ensure
compliance with the requirements are identified also in Table 5-1.
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5.4 Discussion

The evaluation of Project W-521 ventilation system modifications identified one requirement in CHG
(2000a) that may not be met by the proposed changes to the primary exhaust ventilation system. The
241-AZ-702 ventilation system provides primary tank ventilation for all four aging waste tanks in the
241-AY and 241-AZ tank farms. The 241-AZ-702 ventilation system draws approximately 150 cfm
through each of the four tanks (600 cfm total) during normal operations. The system 1s capable of
drawing approximately 500 cfm through one tank while drawing 150 cfm through the three other tanks.
Section 3.2.1.1.5.a of CHG (2000a) requires drawing 500 cfm of air through any tank with an operating
mixer pump. Therefore, this requirement cannot be satisfied if mixer pumps in the 241-AY and 241-AZ
tank farms are operated simultaneously.

55 Conclusions and Recommendations

The CDR (CHG 2000c), which completed in July 2000, does not comply with the design requirements
of CHG (2000a). Upon implementation of the actions identified herein, compliance with the design
requirements for the scope assigned to W-521 will be achieved. However, one potential issue exists.
Although not explicitly required, mixer pumps in only one tank can be operated at any given time.
Therefore, mixer pumps cannot be operated in both the 241-AY and 241-AZ tank farms at any given
time. CHG (2000a) does not require simultaneous operation of mixer pumps in two farms. However,
this limitation may lead to scheduling conflicts as waste is staged and moved through the 241-AY and
241-AZ tank farms.

6.0 OVERALL RECOMMENDATIONS
The overall conclusions related to each of the activities are as follows:

6.1 Technical Recommendations

. The Primary Ventilation System should have an increased maintenance effort placed on
it, and should support all RPP goals without significant upgrades.
. The routing of condensate to each of the AY/AZ Tanks is appropriate and necessary, and

should be implemented in the manner shown in this report.

. The AY/AZ Annulus Ventilation System should be upgraded through the addition of the
two fan option.

. The Ventilation System upgrades recommended by this activity should be (and can be)
installed in compliance with the Level 2 Specifications.
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6.2 Cost Recommendations

The overall cost impact of this effort on the CDR Estimate is as shown below:

. Primary Ventilation Modification

PRIMARY VENTILATION SYSTEM AZ-702 REDUCTION FROM CDR ESTIMATE

BASE COST ooC's MU & CM PM oD TITLE N SUEOPS EXP STARTUP | SITE ALLOC, ESCAL CONT

-$2,012.678 (-$673,396[-$996,083|-$184,108( -$920,529|-3303,778| -$62,597 |-$441.859(-5184,108|-$936,714|-$1,186,5652|-§1,833,464

. Condensate Routing Modification

CONDENSATE MODIFICATIONS- TOTAL REDUCTION FROM CDR ESTIMATE

BASE COST oDpe's MU & CM PM op TITLE NI SU & OPS EXP STARTUP |SITE ALLOC| ESCAL

-$603,245 | -$74,876 | -5266,7681 -$51,745 | -5258,723| -§85,379 | -$17,503 | -$124,186 | -$51,745 | -$258,000[-5347 577 -

. Annulus System Modification

ANNULUS MODIFICATIONS FOR AY FARM AND AZ FARM - ADDITION TO CDR ESTIMATE

BASE COST| 0DC'S MU & CM PM oD TITLE i SU & OPS EXP STARTUP [SITE ALLOC{ ESCAL

$798,390 | $316,107 { $389,653 | $75,208 | $376,038 | $124,083 | $25571 | $180,408 | $154,927 | $381,245 | $508,827
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Appendix A
Alternative Generation and Analysis for the AY/AZ Primary Ventilation System AZ-702
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1.0 INTRODUCTION

1.1  Scope

There are two types of ventilation systems associated with the AY 241-101 & 102, and AZ 241-101 &
102 Double-Shell Tanks (DST). These ventilation systems are used to remove waste heat, to purge the
tank of generated gases, and to maintain negative pressure in the tank and annulus. The Annulus
Ventilation Systems are used to ventilate the annular space between the primary and secondary tank
walls. The primary ventilation system consists of individual recirculation / cooling loops for each tank
and one exhaust system for all four tanks. This Alternative Generation and Analysis (AGA) is
associated with the primary system and specifically with those components contained within Building
AZ-702.

During the Conceptual Design (CD) for Project W-521, “Waste Feed Delivery,” a regulatory
interpretation caused a fully redundant train of the primary ventilation process equipment and ducting to
be provided for risk mitigation. Due to limited space within AZ-702, this additional equipment required
that an annex to the existing AZ-702 be provided to house that equipment. This revision to the primary
ventilation system was captured in equipment layout drawings and in the cost estimate provided in the
CDR.

Since the completion of the CD, the regulatory requirement for a fully redundant train has been
reevaluated. As a part of the Advanced Conceptual Design (ACD), this AGA was prepared to assess the
reliability of the primary ventilation system relative to its ability to support waste transfer to the
vitrification facility, and recommend the minimum upgrades to reliably achieve this goal. The
assessment included a cost-to-benefit (CTB) analysis of the addition certain components that are
redundant. The cost incurred was for the addition of redundant components while the benefit received
was due to the increased reliability provided by the redundancy. Using Mean Time to Failure (MTTF}
data, the improvement in the probability of failure was determined.

Cost estimates were developed to support the CTB for the base case and the three options. There are
interactions between these costs developed for this AGA and the estimates that are developed in
conjunction with the AZ-702 condensate drain rerouting and the modifications included in the CDR.

The following sections describe the execution of this analysis and present the results.
1.2 Methodology

The CTB analysis performed for this AGA required that the options to be used'in the study be
established; the system fault trees be developed; the failure rates for the ventilation system components
be determined; the system failure probabilities propagated through the system fault trees, and the cost
for implementation of each of the options be estimated. The evaluation and recommendations includes
an examination of the base case reliability with enhanced maintenance.
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C-23




RPP-7069, REVISION 0

ALTERNATIVE GENERATION AND ANALYSIS FOR THE Report No. 990920203-019, Rev. 0
AY/AZ PRIMARY VENTILATION SYSTEM AZ-702 September 2000

2.0 DEFINITIONS

Vitrification Facility — The facility where tank waste will be processed and placed in a stable, glassified
form for interim storage.

Cost-to Benefit ~ The relationship between the life-cycle cost to maintain or add a system or component
and the ultimate benefit (in this case reliability improvement) received.

Double Shell Staging Tanks — An existing DST to be used for preparing waste for transfer to the
vitrification facility.

3.0 PROBLEM DEFINITION

Transfer from the AY/AZ, double shelled staging tanks, to the vitrification facility is directly dependent
on continual operation of the primary ventilation system and specifically those components contained
within AZ-702. The components on the tank inlet and the tank outlet (ducting, louvers, filters, dampers,
etc) up to AZ-702 facility are passive components and not subject to the reliability considerations
developed within this report. It should be noted that the use of the recirculation loop components at
each AY/AZ tank outlet should not be required during the time of transfer and, in any case, are beyond
the scope of this AGA.

The primary ventilation system must function during a tran